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THE 
DESCRIPTION and USE 
DC O F | * 
GEOMETRICAL INSTRUMENTS. 
And the DOCTRINE of 
PLAIN (or Right-Lined) TRIANGLES, 
Applied to | 


PRACTICE 
LONGIMETRIA, 


Or in the Meaſuring of 


Heights and Diſtances. 


PART I 


_ 


o 
PRE—— —— 


CHAP.-L 


A Deſcription of ſuch Inſtruments as are neceſſary for 
the Performance of the Works following. 


Efore I come to apply the Do#rine of Right-lined Triangles to Practice, in 
the taking of Heights, Depths, Diſtances, + and in Surveying of Land; it 
will be neceſſary ro deſcribe what I/fruments are moſt proper for thoſe 


purpoſes, and the general Uſes of them. 


The Inſtruments are, 


1. Compaſſes. : 
2. A Ruler of Braſs, or Wood, with a Diagonal Scale, and divers Plain Scales of 


Equal Parts, and two or three Scales of Chords. 
3. A Protrattor ahd Protratting Pin. 
4 A CR for Altitudes or Deſcents. 
5. A Theodolite, with its Appurtenances, for Diſtances, and Surveying of Land. 


6. Meaſures to Meaſure withal 
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Fig. L 


big. II. 


SECI L 0f the Compaſſes. 


Ompaſſes are ſo well known to all Men, that ir may ſeem ſuperfluous to ſay any 
C thing concerning them : Bur the Compaſſes fit tor chele and ſuch like Purpoſes, 
are of two ſorts, both of them of Braſs, with Steel Pcznts, but one Pair to have three 
Movable Points, to take in and out of a Nat in one of the Legs tor that purpoſe pro- 
vided, and a Szrew to keep the Point talt in.— — One of the Movable Points 1s in 
all reſpects an{werable to - * other Fixed one ; but the other two are different 3 the 
one being hollow, to pur a Black lead Pencil -in; and the other 1s a Steel Pen, to be 
uſed with Ink. And fo much concerning Compaſſes : I need ſay nothing concerning 
th: Uſe of them, it being ſufficiently known to all ; but- ſee that your Points be ot 
good Steel, and ſharp; and that the Joint move evenly, and not by tarts. 


SECT. Il. Of the Scales, their Deſcription and We. 
| "{="17 | 


Our Scale may be made either &f Silver, Braſs, Ivory, or Box, of what length or 
breadth you pleaſe ; but a convenient length will be eight or nine Inches, and 
in breadth one Inch and a quarter. | 
On one fide thereof let be placed divgrs Scales of Equal Parts, as of 10, 11, 12, 
16, $0, 24, ahd 30:in an Inch. h 
' * <] Noze, That when I fay, a Scale of 12 in an Inch, you are to underſtand a 
Parr of a Line divided into to Equal Parts, 12 oft which Parts will make 
a juſt Inch ; and the like of 16, 24, &c. 
On the ſame Side of the Ruler let be placed two or three Scales of Chords, of feve- 
ral lengths, extended up to 9o deg. 
On the other tide of the Ruler lzt there' be two Diagonal Scales, one of an Inch, the 
other of Half an Izch ; our of which you may very accurately take the hundredth 
Parc of an Inch or halt an Inch. . 


The Uſe of the Scales. 


The Uſe of theſe Scales is two fold, viz. (1.) To lay down any Meaſure taken ; or, 
(2.). A Line being laid down, To find how much of that Meaſwre that Line containeth. 


I. A Diſtance meaſured, how to lay down the ſame upon Paper according 
to any Scale. 


Suppoſe that meaſuring upon the Ground, you have meaſured 62 Foot, Yards, 

Perches, or any other Meaſure whatſoever ; and you-would lay this Line down upon 
Paper, by the Scale of 12 in an Inch. Firſt, draw a Right Line; as A B,and then with 
your Compaſles ſer one Foot upon 6,(in the Scale of 12,) which now repreſents 60, 
and extend the other Foot to two of the ſmaller Diviſions in the uppermoſt ſubdivi- 
ded Part, which Diſtance fer upon the Line A B from A co C : So ſhall the Line 
ac repreſent 62 Foot, (or any other Meaſure,) it being laid down by the Scale 
of 12. Fa. 
But if you would have your Line ſhorter, and yet to contain 62 ; then uſe ſome 
other of your Scales, as that of 16 in the ſame manner ; and then 62 will reach from 
A to D: And if you would have it yet ſhorter, take it trom the Scale of 2.4, and ic 
will*cach to E ; or from the Scale of 3o, and ic will reach to F. 


[l. A Right Line (of any Meaſure) being laid down, to find how much 
it containeth of that Meaſure, according to any Scale. 


Supple A C were a Line laid down, and it were required to know how many Feet 
ie contained according to the Scale of 12. 

Take the Length of the Line A C in your Compaſles, and applying it to the Scale 
of 12, you ſhall find it to reach from 6 (or 60) to two of the ſmalt Diviſions in the 


uppermolt 


Parr I. LONGIMETRIA. 549 


uppermoſt ſub-divided Part, which makes it 62: And ſo much doth the Line A C 
contain by the Scale of 12. Alſo, 
AD Coin be found to contain 62,be- T6. 


The Line - - ing applied to the Scale of 7 


Again, If it were required to know how many Yards the Line A B will contain, 
if meaſured by the Scale of 12. | os 
Take the Line A Bin your Compaſſes, and applying that Diſtance to the Scale of 
12, you ſhall find ic to reach from 6 (or 60) to 9 and a half of the ſmall Diviſions, 
ſhewing that the Line A B contains 69 Yards and a half, actording to-the Scale of 
12.—— And if the ſame Line were meaſured by the Scale of 16, ic would be found 
to contain 92 and a half. Or by the Scale of 24, it would be t 39 Yards, &s. 
Concerning the Diagonal Scales on the other ſide of the Ruler, they ſerve to the 
ſame Ule as the other Plain Scales do, only you may take off accurately the 
hundredth part of any Mcaſure.—— Example. Suppoſe you were to take off 
284 of any Meaſure, —- Count the 2 upon the great Figures on the Left- 
hand ſide of the Ruler, and the 8 on thg ſmaller Figures on the ſame Lefr 
ſide, where the Diagonal Lines are drawn, and the 4, from 2 of the upright 
Lines on the Left iide; and that Diſtance will contain 254 Feet, Yards, 
or any other Meaſure. And this Diſtance being taken from the Diagonal 
Scale, will reach upon the former Line A B, trom A to S. 


Of the Scales of Chords. 


Upon the ſame ſide of the Ruler where the Plazn Scales are, there are two or three 
Scales of Chords ; the Deſcription and Making whereof you may find in Book LI- 
Pare IT. Chap. Il. And the Ules of theſe Scales of Chords are principally two, wiz. 
(1.) To lay down an Angle containing any Quantity: Or, (2.) An Angle being laid 
down, to find the Quantity thereot. 


I. To lay down upon Paper an Angle containing any Number of Degrees 
and Minutes required, 


Draw a Line at pleaſure, as A B, and upon the Point A,let ic be required to Pro- ,;, ox 
traft an Angle to contain 32 deg. 3o min. or 32; Degrees. the 
Firſt, Place one Foot of uy Compaſſes upon the beginning of any of your Scales 
of Chords, and extend the other Foor, always, to 60 Degrees : Then ferting one Foot 
of the Compaſſes upon the given Point A, with+the other deſcribe the Arch e 4: 
Then ſetting one Foot of the Compaſles in the beginning of the Scake of Chords, 
' extend the other to 32 deg. 3o m7. and ſet that Diſtance upon the Arch from e to 4: 
Then from the Pointe A ; 3h the Line A C, through the Point 4: So ſhall the Angle 
D A C contain 32 deg. 30 min. 


I. Az Angle being already laid down, to find the Quantity thereof. 


Let the Angle already laid down be the Angle C A B whoſe Quantity is required. Fig. III 

Open your Compaſles from the beginning of any of your Scales of Chords, to 
60 Degrees; then ſetting one Foot in the Angular Point A, with the other deſcribe 
the Arch e d, (between the two Sides containing the Angle :) Then take che Diſtance 
between e and d, which meaſure upon the ſame Scale of Chords, from the beginning 
of it, and it will reach to 32 deg. 30 mm. which is the Quantity of the Angle C A B. 

If an Argle given, or required, ſhall exceed 9o deg.-you muſt fer ic off upon the 
Arch-line at ewice: As if you were to lay down an Angle of 159 deg. Having de- 
{cribed your Arch: line far enough, your Compaſſes ſtanding at 60 deg. ſet that di- 
ſtance twice upon the Arch-Line, from E to f, and from f to g, 1o there will be 120 
deg. then from your Scale take the remaining Degrees; namely 39, and fer chem 
| on farther upon the Arch-Line from g to b, and through + draw che Line A D : So 
ſhall the Angle B A D contain 159 . 
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| _ SECT. Il. Of the Deſcription and Hſe of the Protractor. 
, 17 [. Its Deſcription. 


Fig. IV. HIS Infirument conſiſteth of two Parts ; the one a Semuicrrcle divided into De- 
| grees , the other a Parallelogram, with Scales upon it. 'The Inſtrument ought 
FE to be made of a- piece of thin Brafs, well polliſhed, and the Edges thereof very 
ſmooth 3 for the bigneſs, it may be about 4 or 5 Inches, and the breadth of the Pa- 
rallelooram about an Inch and half.—— For the Semcircle, let it b2 divided into two 
Quadrants in the Point G, by the Perpendicular H G. Divide each Quadrant into 
90 deg. and fo the Semicircle into 180 deg. which let be numbred. from E by 10, 
20, 30, &Cc. to 150, ending at F. Andthe ſame way alſo (in another Margine ) 
from 180 to 360, as you ſee done in Figure IV. fo that there needs no farther De- 
ſcription of this Inſtrument. 


— LO EY ENS 


W. Its Uſe. 


The Uſes of this Inſtrument may be performed by the Scales of Chord: laſt trea- 
ted of ; but where many Angles are to be laid down, (as in Surveying of Land,) this 
Protrattor is far more convenient : And its Uſes are principally two, viz. (1.) To 
lay down an Angle of any afligned ; ms of Degrees. Or, (2.) An Angle be- 
ing Protratted, to find the quantity of Degrees that it containeth. 


I. How to ProtraGt ( or lay down upon Paper ) an Angle containing any 
| number of Degrees required. | 


; ; Let a Line be drawn at pleaſure, as the Line BA E, and upon the Point A let 
 B | it be required to Protraft two Argles, from the Line B A; one to contain 32 deg. 
30 min. and the other 159 deg. | R 

Firſ#, Put your Protrafting Pin in the given Point A, to which Point alſo bring 
1 the Centre of your Protra#or H, turning it about upon the Centre-pin, till the Line 
- F ys the Protrafor do lie directly upon the Line B A E, the Centre H upon the 

| oint A. | 

Secondly, Keeping the ProtraFer in this poſition, faſt down to the Paper, with your 
left Hand, take out your Protratting Pin; and, becauſe the two Angles to be protra- 
1 &ed are 32 deg. 3o. m. and 159 deg. count 32. deg. 30.m. upon the Limb (-or Edge 
F of your Protrator ) from E, and you ſhall find it to end at &. Againſt which make 
4 a ſmall mark upon the Paper at k. Alſo the other Angle being 159 deg. count them 
from E as before, and they ſhall end in /. where make a mark upon the Paper. 

Laſtly, Take away the Protra&or, and from the Point A, and through the mark 
k draw the Line A & C. Allo from the Point A, through- the mark /, draw«the 
Line A 7D ; fo ſhall the Angle C A B contain 32 deg. 30 m. and the Angle .B AD 
159 Degrees. 


| Il. Ar Angle already laid down, or Protratted, to find the Quantity 
| ; thereof. 


4 We h Let CAB, and B AD be two Angles Protrafted, and let the quantities of each 
| of them be fought by the Protra&or. Apply the Centre H of the Protrator to the 
| Angular Point A, and the Line E F upon the Line BAE; then ſhall you find 
: the Line C A, to lie under 32 deg. 3o win. and the Line A D under 159 deg. 
E | and _ are the quantities of the two Angles BA C 52 deg. 30 min. and BAD 
I59. dep. R 
Bur 7 it were required to find the quantity of the Angle C A D, apply the Cen 
tre of the Protratfor H to the Point A, and the Line E F thereot upon che Line 
CA; ſoſhalltheLine A D lie juſt under 126 dep. 20 min. and that is the quantity 
of the Angle CAD. | 
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SEC T. IV. The Deſcription of a Quadrant, for the taking of 
Altitudes or Delſcents. 


HIS Inframent may be made of Braſs or Wood, and of what bigneſs you pleaſe, Fig- \ 
about 16 or 1$ Inches is a competent f1ze: the Limb whereot muft be divi- | 
ded into 9o equal Parts or Degrees ; and thoſe again ſubdivided into as many Parts 
as the bigneſs of the Quadrant will permit, cach Part containing 5,6, or 10 min. 
Or, the Limb may be made broad, and ſo divided by Diagonals to exprets every 
fingle minute. On the back-ſide of the Quadrant may be a Ball-Socket to ſer the 
uadrant either Horizontal or Vertical: And upon the upper Edge are placed two 
Sights, through which to look to behold any Obje##; and in the Centre is fixed a 
{mall Silk String, with a Plummer at the end thereof : And theſe are all the Members 
or Part: belonging to this In/trument. 
For its Uſe, it is principally to take Angles of Altitude, as of the Sun, Moon, Stars, 
or of any Tower, Steeple, &c. upon the Land , as by Examples following ſhall appear. 
In the mean time view the F:;gure of the Inftrament,-with all its Pares put together ; 
with the manner how it is to be uſed. 


SECT. V. Of the Theodolite, and its Appurtenances ; the Deſcription : 
thereof, and to what Uſes it principally ſerveth. 


HIS Iſfrument confiſteth of ſeveral Parts or Members; As, 


The firſt and principal part is a Circle of Braſs or Wood, divided firſt into four Fig. VI. 
Quadrants, repreſenting the four Cardinal Points of the Campaſs Eaſt, Wet, North, 
and South, and therefore are noted with the Letters N. S. W. E. Each of cheſe 
Quadramts is divided into 9o deg. and ſub-divided according as the bignefs will per- 
mit : or by Diagonals, as the Quadrant before. —— Theſe four Quadrants are to be 
numbered by 10, 20, 3o, &c. both ways, beginning at the Nerrb and Sourb Points, 
and ending with 9o at the Ezft and Weſt Poines. 

The ſecond Part or Member is a Box and Needle, ſo conveniently contrived, to 
ſtand upon the Centre of the Circle z upon which Centre, the Inſtrument, the Index, with . 
its S:2hts, muſt be made to turn about, and yet both the Inſtrument, and the Rox, and 
Needle remain frxed —— Ar the bottom of the Box there muſt be a Card, or Mariners 
Compaſs fixed, anfwerable to the Letters E. W. N.S. upon che ÞÞ/frumenr. 

The Third Member is a Socket on the back-fide ( either Plain or wich a Bal) to 
be put upon the head of a Three Legged Staff. | 

he Fourth Member or Part is a Staff to fet the Inſtrument upon ; the Neck, at the 

Head whereof, muſt be made to go into the Socker on the back-lide of the Þytrument : 
For better fatisfation view well the Figure of the Þnſfrument, with all its Pates pur co- 
gether, and the manner how it is tobe handled. 


SECT. VI. Of Meaſures, to meaſure withal, 


ME: are many ; but ſome are more commodious for one purpoſe than others : 
= I will only name ſome few, and for what Utes they are fitteſt to be 
applied. | 
I. The firſt and ſhorteſt is a Rod of Ter Foot in length, and each Foot dividcd into 
Io Parts. And ſuch a Rod is moſt convenient to meaſure any Height or Di- 
ſtance under 100 Foot. — 

2. A Chainof 100 Fort long, each Link being one Foot in length; and at' each 19 
Foot let there be a Plate of Braſs, with a Figure engraven thereon, to ſhew 
readily how many Feet are from the beginning of the Chain : And for the more 

_ eaſe in accounting, let there be a Braſs Ring at every five Links, that is, one be- 
eween every two Plares, This Chain is moſt commodions tor meaſuring of Large 
Diſtances or Lengths, 
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Fig. VII. 


3+ A Chain of 16 Foot and a half in length, and. to contain 100 Links, with 
Rings at every tenth Link : Which will be good co meaſure ſinall Garden-grounds, 
or Orchards, by Pearch or Pcle-meaſure. : 

4. A Chain of Four Pole or Perches in length, which is 66 Foot ; which Cham let con- 
fiſt alſo of 100 Links, with Plates and Rings, as in the other betore, for eaſe in 
accounting. This Chain of all others is the moſt commodious for Land-meaſure, 
as will appear hereafter. 


CHAP I 
Of Altimetria, or the taking Heights. 


HE Obje&t whoſe Altitude you defire to meaſure, may be either Acceſſible or 
Inacceſſible : It may ſtand upon Level Grownd, or upon a Hill; or be otherwiſe 
ſeated. Examples of ſeveral kinds. 


SECT. I. To take an Acceſſible Altitude at one Station. 


| By A be a Tower or other Edifice, ſtanding upright, upon Level Ground : And 
let the Height thereof be required to be known, you ſtanding art B. 

I. Set your 2uadrant, it being upon its Staff, at your Place of Standing B, and 
turn it in the Socket, fo that the Thred,with the Plummet at the end thereof, may play 
freely by the ſide of the Quadrant : Then elevate the Quadrant upwards or down- 
wards (as occaſion requires) till through the Sights of the Quadrant you lee the very 
top of the Battlements at S 3 and there keeping the Quadrant faſt, (by means of a 
Screw for that purpoſe,) obſerve what Degrees and Minutes on the Quadrant's Limb 
are cut by the Thred, (ſuppoſe 35 deg. 20 min.) which note down. 

2. Then (the ©uadrant (till being in this Poſition) extend a Line (or Cord) from 
the Quadrants ſide where the Sights ſtand, cill ic touch the Ground at C, and there 
make a Mark, | | 

\ 3. Meaſure with your Rod (or Chain) the Diſtance from C to T, the Foot of the 
Tower, which ſuppoſe to be 103 Foot and 4 tenth parts of a Foot ; which alſo ſer 
down : And now you are prepared to find the Altitude of the Tower S T, by Trige- 
nometrical Calculation. 

| 4. For by Figure VII. you may-perceive, that the Tower S T, ſtanding Perpendi- 
cular upon the Plain Ground F'©, and the Viſual Line CS, made by obſerving the 
top of the Building at S, do make a Rigbt-angled Triangle S' T C; in which you have 

iven, | 
: 1. The Angle at C, 35 deg. 20 win. which were the Degrees of the Quadrant cut 
by the Thred at C. 
2. The Side T C, meaſured by the Rod or Chain, 103.4 Foot. 
3- The Right Angle at T, for that the Building is perpendicular to the Groand. 
Wherefore, by the I. Caſe of Right-angled lain Triangles, ſay, 


WcsCo St TC:: 5C : $T. 

544 40" bogs : 21 39% 20* 3: 6.0K 

Which 53.3 Foot is the Height of the Tower required. -_ 
In like manner might the Hypotenuſe be found, by the IT. Caſe. Por, 


WAYO+: TC: + ak : BG 
$40 492 : 10344 : : god ; 1267. 
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SECT. |. How to take an Tnacceſſible Altitude at two Stations. 


Ee A B be a Church Steeple, and let it be required co find the Height thereof, you Fig. VIII. 
being at C, berween which Place and A, the bottom of the Steeple, there is a 
River, ſo that it is inaccel{ible. 

Frf, Set up your Quadrant at C, and move it up and down, till through the 
Sights you ſec the top of the Spire at B, noting what Degrees are cut by che Thred 
upon the Quadrant, which ſuppoſe 27 deg. 3o min. 

Secondly, Meaſure trom C towards A, fo tar as you can in a Right Line, as ſup- 
poſe ro D, 92.9 Foot. - 

Thirdly, At D fer up your Quadrant again, and move it up and down, till you ſee 
che rop of the Spire at B, and notre what Degrees are then cut by the Thred 'upon 
the Quadrant, which ſuppoſe to be 52 deg. 30 mis. | 

Fourthly, By theſe two Obſervations at C and D, and the meaſurcd Diſtance CD, 
the Altitude of che Steeple may be found : For the ewo Viſual Lines through the 
Sights at C and D, cogether with the meaſured Diſtance D C, do make the Oblique- 
angled Triangle A D C; in which is given, | 

1.” The Angle A C D, 27 dep. 30 min. 

2. The Side C D,.92.7 Foot. And, - * 

3. By the Angle obſcrved at D, 52 deg. 30 min. alſo you have the Angle BD C, 
127 deg. 30 mn. it being the Complement of 52 deg. 30.99. to 180 deg. And, 

4. Having the two Angles BD C, 127 deg. 30 min. and the Angle BC A, 
27 deg. 3o min. their Sum is 155. You have alſo the Angle DBC given, 
25 deg. it being the Complement of 155 co 180. Mi: 

And thus in the Triangle A D C, having the three Angles, and one Side D C gi- 
ven, you may find the Side B D, by Caſe I. of Oblique angled Plain Triangles. For, 


45DAC : DC : : sACD : AD. 
25 00® :- 92.59 :; 3 Syn 73-4003, 


* Then again in the Triangle A B D, Right-angled at B, you have given the Hy- 
potenuſe A D 101.3, and the Angle at the Baſe BD A, 52 dep. 3o win. to find the 
Perpendicular A B : Which by the II. Caſe of Right-angled Triangles, may be thus tound. 


AMR : AD-: : BUR 1 BA 
90: 101.3: : $2 2007 586.3; 


SE CT. Il. How to take the Altitude of a Tower, Steeple, Beacori, 


or the like, which ſtandeth upon a Hull. 


Et HK be a Beacon ſtanding upon a Hill, and you, ſtanding art L, deſire to x7. 1x. 
know the Height thereof above the Hl. = 
Firit, Place your Quadrant at L; then looking through the Szghts till you ſee che 
top of the Beacon at H, you find the Thred to cut 40 deg. of the Quadrant: And ac 
the ſame Station you look through the Sights to K, the Foor ot the Beacon, and 
find the Thred there to cut 22 dep. '3 min. 4] | 
Secondly, Removing your Quadrant to O, and there looking through the Sights, 
till you fre the top at H, you find the Thred co cat 60 deg. and: looking to K che 
botrom, you find it to cut 39 deg. 54 min. | 
Thirdly, Meaſure the Diſtance O L, which you find 1 32 Foot, all which noce down 
S0 in the Triangle NR O L you have given, 
1. The Angle H LO, 4o deg. 
2 The Angle HOQL, 120 deg. 
3. The Diſtance OL, 132 Foot, by which the Side H O may be found 248, by 
the I. Caſe of Oblique-angled, and the whole Height H M, 214, by the I. Caſe 
of Right-angled Triangles , in all reſpects as the Height B A was found in the 
laſt Se#ion before-going , and will be found ro be'214 Foor. 
Having thus tound the whole Height HM 214, you' have'in the Rigbt-angled 
Triangle H M ©, given, on 
| r. The 


Mr 
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1. The Perpendicular H M, 214 Foo. 
2. The Angle at the Baſe, H O M, 60 deg. | 
To find the Baſe M O. Which may be tound by the IV. or V. Cafes of Right- 


angled Triangles, ttius. 


As 5HOM : HM : : sMHO : MO 
60 9 : 216 1 3 09 124+ 


And thus have you the whole Height M H 214, and the Diſtance OM 124. And 
ſo in the Right-angled Triangle K M O, you have given, 
I. The Diſtance M O, 124 Foot. | ; 
2. The Angle K O M, obſerved at O, 39 deg. 54 min. whole Complement 
50 deg. 6 min. is the Angle M K O. | | 
By which you may find K M, by the I. Caſe of Right-angled Triangles. 


As $sMKO : MO : : sKOM : KM 
ga 6m : 134 2 3 290 .$46® 3; 2037, 


Which 103.7 is the Perpendicular Height of the Hill 3 and being ſubtracted from 
214, the whole Height H M, leaves 110.3, for the Height of the Beacon H K above 


the Hill. 


SECT. IV. How to find the Horizontal Line of a Hill. 


His is a right neceſlary thing to be known, eſpecially in Surveying of Land, 
where the Length of the Sides of che Hill is not required, but the Baſe Line 


upon which the Hill ſtandeth. : 
In your Survey, ſuppoſe you ſhould meet with ſuch a Hl or Mountain as this, no- 


ted with M. . 

Firſt, Place your Quadrant upon its Staff at the Foot of the Hill at D; then let 
one go to the top of the Hill at C, and there ſet up a Mark, which muſt be ſo much 
above the top of the Hill, as the top of the Quadrant is trom the Ground : Then 
move the Quadrant up and down, cl you ſee the top of the Mark at C, and note 
what Degrees of the Quadrant are cut by the Thred ; which ſuppoſe 47 deg. Then 
meaſure up the Side of the Hill, from Do C, which let be 235 Foot. 

Secondly, Remove your Quadrant from D to C, and there ſet it up, as before. Now 
(becauſe there is a Level at the top of the Hill, from C to B,) meaſure the Length 
thereof, which ſuppoſe to be 122 Perches, and at B let a Mark be ſet up, of ſuch 
height from the Ground as your Quadrant is. 

Thirdly, Plane your Quadrant at B, and let one go to the Foot of the Hill at A, 
and there erect a Mark of equal height wich your Quadrant at B; and through the 
Sights look down till you ſec the top of the Mark at A, obſerving what Degrees of 
the Quadrant are cut by the Thred, which ſuppoſe 46 deg. , 

Fourthly, Meaſure down the Deſcent of the Hill from B to A, which let be 253 
Foot. Now by theſe two Obſervations made by. your Quadrant, and the three Diftan- 
ces meaſured, you may lay them down upon Paper, and fo ſhall you have conſti- 
ruted 'Two Right-angied Plain Triangles, and a Parallelogram ; wiz. the Triangles 
CFD,andB E A, and the Parallelogram B CFE ; and from what is given in theſe 
Triangles and the Parellelogram, you may find the Baſe Live of the Hil A D: For, 

Firſt, In the Triangle CF D, you have given, (1.) The Angle C DF ( obſer- 


| ved by your Quadrant at D):47 deg. (2.) The Side of the Hill C D meaſured 


235 Perches, And (3.) The Angie F CD (the complement CDF) 43 deg. To 


tind the Baſe F D. 
By the III. Caſe of the Right-angled Triangles. 


— :; CD :: C39: MA 
EE TY. © 


Then in the Parallelogram, you have given the top of che Hill meaſured from B 
co'C 122 Perehes: to which E F is equal. 


And 
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" "nd ths Tridh le AEB, you have given, ( L) The Angle A B E (obſerved by 
your Quadrant at ) 46 deg. (2) The Hyporenuſe (or ſide of the Hill meaſured 
BA) 253 Perches. To tind the Baſe A E. | 

| By the III. Caſe of Right-angled Triangles. 


4 R : AB: SABRE 
—_ 203: 4 46 © : "2362. | . 


Which three Numbers 160, 122, and 182 added together, do make 464 for the 
whole Baſe of the Hill A D. 


0 — —_ —— 
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CH AF 0 
Of Longimetria, or the taking of Diſtances 


S the Quadrant was the moſt convenient I/frument for the taking of Altitudes, 
{o the Theodolite is the beſt for taking of Diſt ances of Trees, Steeples, Towers, SC, 
either of one or many together : Of which here ſhall tollow ſeveral Examples. 


c_ — — ——— A ———— 


SECT. I. To Meaſure one ſmgle Diſtance. 


ET C bea Tree, ſtanding in a Field by it ſelf, and you being at A, (either in 

that Field or ſome other, it mattereth not, fo you be but within convenient 

ſight of it ) and you are deſired to know the Diſtance to that Tree, without ap- 
proaching nearer to it than you are at A. ET 

Fir#t, Set up your Theodolite upon its Staff at A, as Level ( or Horizontal ) as you 
can, laying the Index with Sights upon it on the North and Sourh Diamezre ol the 
Inſtrument. 

Secondly, Turn the Inſtrument about the Socket, ( the Index and Sights ſtill lying 
upon the Diametre, ) till chrough the Sights you ſee the Tree at C 3 which when you 
do, fix the Inſtrument to the Socket with the Screw. 

Thirdly, From the Foot of your In{frument at A, Meaſure with your Rod or Chain, 
any number of Feet, Yards, or the like, any way ; as trom A to B 199 Foot : and 
there cauſe a Mark or Staff to be fer up. | | 

Four:hly, Turn the Index and Sights about upon the Theeodolite, till through them 
you ſee the Mark ſer up at B; and note what Number of deg. and min the dex 
cuts ; which let be 120 deg. 10. min. which ſer down. 

Fifthly, "Then fet up ſome vitible Mark at A, where the Þ/trument ſtood, and re- 
move the Theodolite to B, and then ſetting ic up, with the lex, upon che North 


and South Diametre, as before, turn the Inftrumenr about, till through the Sights you | 


ſee the Mark ſet up at A; and there fix it. | 
Sixthly, Turn the Index about till through the Sights you fee the Tree, and note 
what Degrees the Index cuts upon the In/trument from the North and South Diame- 


tre, which let be 50 Degrees : which note down, and fo have you done your work 


in the Field. 


And now to find the diſtance from A, or from B to the Tree, you may fee that 


the Tree at C, and the two Stations or Mark at A and B, do make an Ob/14ue An 
gled Triangle A B C, in which is given, 

i. The Angle C AB 120.deg. 10 min. obſerved at the firit Station A. 

2. The Diſtance Mealured AB 100 Foo. 

3- The Angle C B A, obſerved at the Second Station ar B, 50 deg. 

By which you may find the Ditances A C and BC, by che L and II. Caſes of 

Oblique angled Plain Triang/cs. For, | 
Having the two Angles at A 120 deg. 10 min. and at B 5o dg. their Summ is 159 

ws _ min. which taken from 150 deg. there remains 9 deg. 50 min. for the An- 
vle at | 
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Then by Caſe I. | 
Ar $BCA-: AB SCHA aA G 
9.T4com : 100 gol om : 448.6 
And by Cafe Il. 
A CBA : CA ,:: compCAB*': CB 
qa So®: a6 12 $9450 : 506.2 
So the Diſtance from A to C is 442.6 Foot ; and from B toC 506.2 Foot. 
SECT. ll. How to take the Diſtances of divers things remote from 
you; As Churches and Publick Halls m a City: 4 Camp upon a 
Heath, a Squadron of Ships at Sea, or ſuch like. And to make a 
Map or Draught of the ſame: With a Scale to Meaſure the Diſtance 
of any Place to any other therein deſcribed, 
Fig. XII. 


LIE that A, B, C, D, E, and F, were a Squadrox of Ships lying at Anchor, and 
you being on ſhore, and delired to make a Draught of them, repreſenting their 
Situation and true Diſtance one from another. 


Tl. For the Obſervation made upon the Shore. 


Seek out two convenient places upon the Shore, from either of which you may 
ſee all the Ships at one view, and make thoſe ewo Places your two Stations for Ob. 
ſervation, as N and S. Then, 

Firſt, Set up your Theodslite at N upon its Staff, very firm and level. 

Second:y, Turn it about upon the Socket, till the Needle hang direQly over the 
Meridian Line of the Card, in the bottom of the Box, the North end of the Needle, 
over the Flowtry-de-luce : and then ſcrew the Inſtrument faſt. Your Infrument being 
thus fixed at N, call that your Fir#t Station ; and turn the Index about, till through 
the Sights, you lee the firſt Ship A, and note what Degrees of the Theodolire the Index 
curs, as 6o deg. which note down —— Then turn the Index abour, till through the 
S:ghts you lee the Ship at B, and mark what Degrees are cut by the Index, as 74 dep. 
30 9m, and note them down. Doe thus with all of them, be there-never fo 


many. : 


Then Meaſure the Diſtance hetween N, your Firſt Station, and S, your Second 
Station ; which 1s 220 Perches: And bring your Theodelite from N to S, and 
there ſet it up, firm and level, as before ar N; and laying the Index upon the 
North and South -Diametre, turn it about till through the Sights you ſee your 
Firſt Station at N : and then fix it. 

Then turn the I=dex about, till through the Sights you ſee the firſt Ship at A, and 
note what Degrees the Index cutteth 3 which \uppoſe 31 deg. 39 min. which ,note 
down Then curn the Index about to B, C, D, &«c. noting the Degrecs cut by 
the Index at every moving; and fet them down in-a Table ruled for that purpoſe, 
as is here done in this Example. 
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IH. How to Protract or lay down upon Paper, the Obſervations laſt 
taken, 
Upon a Sheet of large Paper or Parchment draw a Line ae length, as O P; Fig. XII. 


upoh which atſume any Point ( as N ) for your firſt Sration; unto which Point 
apply the Centre of your Protraetor H, and lay the Line E F of che Protrador juſt 
upon the Line O P. 

Then keeping the Protra&or in that Poſition, lay your Table of Obſervations before 
you, count 60 deg. ( the firſt O5/ervarion you made to the Ship A) upon che edge 
of the Protrattor ; againſt chem make a mark, with your Protraeting Pim, upon the 
Paper : then count 74 deg. 30 min. upon the Prozractor, and againit chem make a 
mark with your Pin, as before: Alſo do the like with 84 deg. 39 min. 104 deg. 
5o min. &c. till you have pricked down all your Obſervations made at your firſt Sta- 
tion at N. 

Then taking off your Protra&or, draw obſcure Lines from N, through thoſe marks, 
as the Lines NA, NB, N C, &+c. 

Then out of ſome Scale of equal Parts ( anſwerable to the bigneſs you intend 
your Plot, ) take off 220 Perches, and ſet them upon the Line OP, from N to S. 

Unto the Point S apply the Centre of your Protrrador, laying the Diametrre E F 
thereof upon the Line O Pz where keeping the Protrafor in that Poſition, lay your 
Table of Obſervations at your ſecond Station before you ; and with your Prorratting- 
Pin make marks at 31 deg. 3o min.. your ficſt Obſervation, and at 35 deg. 40 min. 
your ſecond, at 43 deg. 20 min. the rh:rd, &c. 'till you have pricked down all your 
Obſervations made at your ſecond Station at S. -- 

Then taking away your Protrator, draw obſcure Lines from S, through the ſcre- 
ral marks made upon your Paper, as the Lines S A, S B, SC, &c. cutting the Lines 
before drawn NA, NB, N C, ec. in the Points A, B, C, D, E, and F; which 
Points ſhall repreſent the ſeveral Ships as they lie at Anchor, every one at his true Di- 
france and Poſition from another, as they do in the Sea, River, or Harbapr : as allo 
from either of your Stations N or S. And now, 


III. To make a Scale to Meaſure any Diſtance »por this Plot. 


Foraſmuch as the diſtance between N and S was meaſured 220 Perches, divide 2 
Line in ſuch fort into- Parts, as the Scale was divided from whence you laid down 
the diſtance N S 220; and ſuch is the Scale L, M in the Figure : tor 1f with a Paic 
of Compaſſes you take the diſtance berween N and, if you ſet one Foot of that 
diſtance upon the Scale in the Point nored 200, the other ſhall reach, from thence, 
upon the Scale to 20 of the ſmall Divifions, in the firſt part of the Scale : And the 
Scale being thus divided and numbered, yau may Meaſure any Diſtance or Di- 
ſtances upon the Plor. And fo you ſhall find the Dittance | 


Nto A 241.9 
N eco B 236.7 

From Ato BE? be 21 8 Perches. 
Ato S 299.6 


SECT. Ill. To Meaſure any of the Diſtances, thus laid down, by 
Trigonometrical Calculation. 


Y the Interſe&tion of the ſeveral viſual Lines made at both Stations, and conſti- Fig. XII: 


ruted ſeveral Right-lined Triangles; in either of which you will have enough gi- 
ven to find whatſoever diſtance you ſhall require. | 
a4 Fr Let it be required to know the diſtance from jour Station N, to the firit 
ip at A. | 
By the Viſual Line N A, made at your firſt Sration, and the Viſual Line S A, at 
your ſecond Station, interſecting each other in A 3 is conſtituted the Righr lined Tri- 
angle AN S; in which is given, 
1. The Angle A NS, 12odeg. it being the Complement of the Angle obferved 
to A, at your firſt Sration ( viz. 60 deg. ) to 180 deg. | 


Bbbb 2. The 
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2. The Angle NSA, 31 deg. 3o min. the Angle obſerved to A, at the ſecond 
Station ; and : 
' 3. The Side comprehended between them, viz. the Stationary diſtance N v, 229 
Perches. 
Tofhnd N A. . 
Having the Angle ASN 31 deg. 3o min. and the Angle ANS 1+0 deg. yau 
have allo the Angle N AS 25 deg, 3o min. given, ic being. che Cunpicmcnc ot the 
other two, to 180 deg. Then, | 


By the I. Cafe of Oblique-angled Triangles. 


WESEAS ::. NS. MSA 23 IM 
BRS=®..: 220P. : ; y0* 205 3: 0ST. 


Example 2. For the diſtance from your ſecond Station S, to the firſt Ship at A, making 
the Triangle N A S. 
By __ joregomng 8: Caſe. 


4 5NAS. - NS, +. SANS > 
23 30% —:- 220. 25 6o* : ; 286.6 P. 


Example 3. For the diſtance from N to B. 
In the Triangle N BS, there is given, 
1. The Angle B NS 105 deg. 3o min. the FR TR of the Angle made to 
B at the firſt Sration ar N, 74 deg. 30 min. 
2. The Angle BSN 38 deg. 49 min. the Angle obſerved at your ſecond Station 
to B. 
3. The Stationary diftance N S 220-P. 
To find NB. 
Having the Angle B N S 105 deg. 39 min. and the Angle NSB 38 deg. 4o min. 
you have alſo the AngleNB S 35 deg. 30 min. 


By the I. Caſe of Oblique-angled Triangles. 


Es NBS : NS$S:z; ::: s8BSN ;$;- WB 
WT9Y © 220 : 5 $6 go” + ay 


Example 4. For the diſtance A B. 
In the Triangle A N B there is given, 

1. The tide AN, 241.9. 

2. The fide BN 236. 7, 

3- The Angle A NB 1, deg. 3o min. it being the difference between the ewo 
_— Angles made at the two Obſervations from N to A and B. 


Then by the IV Cz/e of Oblique-angled Triangles. 
As the ſumm of the ſides AN and BN, 478.6. 


Is to their Difference 5.2. 

So is the T#ngent of half the Summ of the Angles N A B and N BA 82 deg. 45 min. 
To the Tangent of 4 deg. 53 min. 

Which added to 52 deg. 45 min. makes -57 deg. 38 min. for the Angle A B N, 
and no from $2 deg” 45 min. leaves 759 deg. 52 min. for the Angle 
BA 

Then by the IL Caſe. 


IABN-: AN :: «AND : AB. 
W451: :- 241.9ÞP.::-: a*30® 2 63}, 
L0938. - Fo : 


And in this manner may Maps or Plots of all eminent Places in Cities, Towns, &Cc. 


| be taken. But having been 1o large in the explaining of chis, I (hall be the more 
briet in thoſe which tollow. 


S&=CGT. 
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SECT. IV. How to take the Diſtances of the moſt Remarkable 


Places in a Town or Cty, 


Ec A,B, C, D, E, F, G, H, K, L, M, be ſome eminent Places in a City, ſuch Fig. XIII. 
as are nominated in the Table following; of which make choice of two, 
from either of which all the ocher may be ſeen, as L, St. Giles's, and M,Sr. Hellew's : 
Then upon Sr. Giles's, at L, ſet up your Theodolite, laying the Index upon the North 
and South Diametre thereof; and then turn the Theodolite about, till through the 
Sights you ſee St. Helen's at M, and there fix ie. | 

Then move the dex, till through the Sights you ſee the North Gate, the Index cut- 
ting 37 deg. 3o min. Then direct it to the School-bouſe, the Index cutting 75 deg. and 
ſo to all the Remarkable Places about the Town, noting down what Degrees the 
Index cut at every Place, which ſuppoſe to be ſuch as are exhibited in the ſecond Co- 
lumn of the following Table, under Statzon I. Sr. Gileg's. 

Then removing from St. Giles's to St. Hellew's, there ſet up your ThesJolite, laying 
' the Index upon the North and South Diametre thereof, (as before,) and turn the The- 
odolite about, till through the Sights you ſee Sr. Giles's, and there fix it. 

Then turning the Þdex about, dire&t your Sights to the North Gate, the Index cut- 
ting 16 deg. 3o min. which note down ; then to the School-bowſe, the Index cutting 
36 deg. 45 min- and fo to all the remarkable Places, as before ; ſo ſhall you find the 
Degrees cut by the dex at the ſeveral Direions, to be ſuch as are ſet down in the 
laſt Column of this Table, under Station IL. Heller's. 


The Table of Obſervations. 


The Names of cheſStation I Station II. 
Places you ob| St.Giles's. St. Helen's. 


: ſerve. * min. deg. min. 
A North Gate 77 36 i $0 


B School: houſe 79... 06 30 66 
C Chriſt-Church t15 20 27 45 
D Pri/on- houſe '& 45' bo oo 
E St. Bennet's 16 00.149 IF 
F South Gate 187 [230197 ..30 
G The Hoſpital 210 45 269 oo 
H The Town Hall [216 930248 © 45 
iK Old Tower |317 20342 230 


Having thus finiſhed your Table of Obſervations, the next thing that you are to doe, 
is to find the Diſtance between L, Sr. Giles's, and M, St. Helen's ; which to doe, (if 
you connot conveniently meaſure it within the Town,) you may go out thereof, in- 
to ſome near adjoyning Field, or other open Place, where you may conveniently 
fee both the Places; as, ſuppoſe, in a Field at O and R ; where, 

I. Set up your Theodolite at O, the Index lying on the North and South Diametre 
thereof, and there turn the Theodslire about, till chrough the Sights you ſee Sr. Giles's 
at L ; and then fix the Inſtrument. ; 

2. The Inſtrument thus fixed, dire the Sights to any Mark ſet up at a diſtance, 
as # R, the Index there cutting 106 deg. and then to Sr. Hellen's, the Index cutting 
40 deg. 
 _ 3. Meaſurethe Diſtance between O and R, which let be 450 Geometrical Paces, 

(of 5 Foot to a Pace,) or 2350 Foot. 

4. Set up your Thezdo/zte at R, the Index lying upon the Diametre, as before, 
turning it about rill chro.:gh the Sights you ſee a Mark ſet up at your former Station 
at C), and there fix it: 'Lhen move the Þdcx, till through the Sights you ſee Sr. Giles's 
at L,, the dex cutting 36 deg. Then move it forwarder, till you ſee Sr. Heller's at H; 
the: 174cx cutting 65 deg. 30 min. And by theſe two Obſervations the Diſtance be- 
ewien Sr. Gues's and Sr. Hellen's may be obtained by the DireRions in the foregoing 
Setim. For, Bbbb 2 In 


”—— 
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In the Triangle LOR, you have given, (1.) The Diſtance O R, 2350 Foot. 
(2.) The Angle L O R, 106 deg. (3.) The Angle L RO, 36 deg. And having 
the Angles LOR, 106 deg. and L R O, 36 deg. the Summ of then is 142 deg. 
whoſe Complement to 180 deg. is 3B deg. for the Angle OLR, to find LO: 
Then by the. Firſt Caſe of Oblique angled Triangles, 


i $O0LR : OR :-: $LRO 3; LO 
38d. 2350. 3- 2. 64. - 4 234 


And by the forementioned I. Caſe may LR be found. For, 


JLSLOLt': OR: > LOR + Eh. 
38d. +: 2350.: : 106.0r74d.': 3669. 


And 2g2in, In the Triangle O M R, there is given, (1.) OR, 2350. (2.) ORM, 
65 deg. 3o min.- (3.} The Angle M O R, 66 deg. and alſo the Angle O MR, 
48 deg. 3o min. to find M R; 'which by the forementioned Cs/e I may be 
chus found. 


4: 5zOMR : OR : : 5sMOR : MR. 
48d. 30m. : 2359 5: : 66d. : 2566. 


Then for the Diſtance L M, in the Triangle LR M, there is given, (1.) The 
Side LR, 3669. (2.) The Side MR, 2566. (3.) The Angle LR M, 29d. 30m. 
comprehended between LR and M R, to tind the Side LM. By the IV. Caſe of 
Oblique- angled Triangles, 


As the Summ of the Side LR and MR, 6535, 
Is to the Difference of the ſame Sides, 803 ; 
So is the Tangent of half the Summ of the two Angles R LM, and R M L, 55 9. 


15 m. 
To the Tangent of 25 deg. 


Which 25 deg. added to the halt Summ, 75 deg. 15 min. makes 100 deg. 15 min. 
for the Angle LMR; and being ſubcracted therefrom, leaves 50 deg. 15 min. for 


the Angle ML R. | 
Then by the I. Caſe, 


SHLR : MR 4: +LRM >» LAS 
$925; 2566 7 7 ag fo® 2 abs. 


Thus having found the Diſtance between S. Giles's at L., and Sr. Hellen's at M, to 
be 470 Paces, or (rather) 2350 Foot, you may lay down all the other Places accor- 
ding to their true Diſtances and Situations one trom another, by the Directions of 
the 12cond Section betore-going, and as you ſee done in Figure XI. 
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DOCTRINE 


RIGHT-LINED TRIANGLES, 
| Applied to 


PRAC TT CH 
PLANOMETRIA, 


OR | 


Surveying of Land. 


SpÞAaRT 1. 


HE Ifrument which T ſhall principally make uſe of in this Tracate of 
Surveying of Land, ſhall be the Theodolite before deſcribed, Chap. I. Se. V. 
of Longimetria : And the Chain, ſuch as is deſcribed in the Fourth Para- 
graph of the VI Seton of the ſaid Chap. I. And the Scales and Protra- 

- For the ſame as are alſo there deſcribed in the IL and IIL. Se&ioms. The Uſes of all 

which are in the forementioned I. Chapter ſufficiently taught : WheretoreTI ſhall ſay 

nothing more of them here, but enter the Field to Survey. 


CHAP. L 


How to take the Plot of a Field or ſmall Incloſure at one 
Station, taken in any Place within the ſame, from 


whence all the Angles may be ſeen, 
WW Hen you have entred your Field, and made choice of a convenient Place to Fig. 1. 
fix your inſtrument, cauſe Marks ( or Hhites ) to be ſet, or held up, at every 
Angle of the Field ; to which Marks dire the Sights, and note what Degrees the- b- 
dex Cuts, &c. 

Let ABCDEF be a ſmall Incloſure ro be Meaſured, having made choice of a 
Place about the middle thereof, as at ©, from whence you may ſee all your Marks 
at ABCDE andF; fix there your Theodolite, the Needle hanging directly over the 
Meridian-line in the Card. Then, 

_ Firft, Dire& your Sights to A, the I-dex cutting 36 deg. 45 min. which note down 
in your Feld Book in the Second Column thereot : and Mcaſure the Diſtance from 
Bbbb 3 O to 


Cuxsus MarHEMATICUS. Book VI. 


_ ——— _—_ - 


© to A, containing $ Chains 10 Links : which ſet down in the -Third Column of 


your Field Book. +: 5 
Secondly, Direc the Sights to B, the Index cutting 99 deg. 15 min. and the Di- 


ance from © to B 8 Charms 75 Links : both which ſer down in your Field Book as 


before. 
Doe the like for the reſt of the Angles from © to C, D, E and F: and ſet them down 


as you obſerve them, with their Diſtances meaſured as you ſee done in the follow- 
ing Table. 


D. M.|Cha. Lan» 
Al.36 45] 5 10 
© 99 15] 5 73 

163 150 5 
Dſzz2 oo] $ 53 

E 285 15] 8 5 
F 13442 ool] 9 55 


Having thus finiſhed your Work in the Field, the next thing to be done is to 
Pratratt the ſame ; that is, to lay down a Plot thercof upon Paper or Parchment : 
Which ſhall be the Work-of the following Chapter. 


— 
— 


"CHAP. IL 


How to Protra& any Obſervations taken according to the 
Direfions of the laſt Chapter. 


Raw a Line upon Paper or Parchment, as N S, ; RFA the Meridian Line, 
Then in fome part of that Line, as at ©, make a Point, repreſenting your 
Place of Standing in the Field : Upon this Point place the Centre of your Protrattor 
| (6 a 3 the Diametre thereof, E F, may lie diretly upon the Line N $ of chis F;- 
gure L. : 


Then laying your Field Book before you, and ſeeing that at the firſt Obſervation 


_- to A, the Index cut 36 deg. 45 min. therefore againſt thoſe Degrees make a prick by 


the Side of your Protradtor. 

2. At the Second Obſervation to B, the Index cut 99 deg. 15 min. againſt which 
make a prick as before. | 

3. Ar the Third Obſervation to C, the Index cut 99 deg. 15 min. againſt which 
alſo make a prick. | T 

4- The Degrees cut by the Index at the Fourth Obſervation to-D, were 212 De- 
grees; ( Which being above 180 deg. you muſt turn the Semicircls of the Pr.- 
rrattor downwards ; yet ſo that the Centre of the Protrattor may lie juſt upon the 
Station-Point ©, and E F upon the Line NS, as before ir did, ) againit which-Dec- 
grees make a prick upon your Paper. 7 

5. The Degrees cut at the Fifth Obſervation to E, were 289 dep. 15 min. again{t 
them alſo make a prick. And, | | | 

6. The Degrees cut ac the laſt Obſervation to F, were 342 deg. againſt them alſo 
_ a ow. SR 

aving thus made Marks upon your Paper againſt the ſeveral Deore . 

Cut by the Index: Take away _ he. rl = laying a Ruler bs me ys 
Point ©, draw obſcure Lines from thence through thoſe Points : Then the 7 ne 
at your firſt Obſervation irom © to A being meaſured, $ Chains io Links cake[s 
Chains 10 Links trom your Scale, and ſet them upon tne firſt ab{cure Line Rom © 
© A; which ſhall give you the angular Point A in the Field. : 


oO T——_—_—— _ ——_— 
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Cha. Lin. 
s 475 B 
| 10 65 C 
In like manner, fet - 534upon the obſcure Lines, from © to&D 
15 E 
9 55 F, 


So ſhall the Points A, B, C, D, E, F, upon your Paper, repreſent the ſeveral An- 


ples in the Field. And, 7 
Laſtly, Lines drawn from one Point to another, as the Lines AB, BC, CD, D E, 


E E, and F A, ſhall incloſe the true Figure of the Field. 


% a _— — - ————_ 
DEC 


CHAP. Ill 


How to take the true Plot of a Field at Two Stations, 
taken in any Two Parts thereof, from whence the 


Angles may be ſeen. 


His manner of Working is chiefly to be uſed in ſuch Fields whoſe Irregularity 

will not admit of any one Place from whence all the Angles may be ſeen. 

The manner of Work in this, as alſo the Protraction, will be the fame with that in 

the ewo preceding Chapters hercof; only in this the Inſtrument muſt be twice pla- 
ced, ( #2 ; fometimes thrice,) whereas in the other it was but once. 

Suppole therefore, that ABCDEFGHIK Land M were ſuch an irregular 
Ficld : You muſt tirſt tind out two Places, as © and Q, for two Stations, fo tha: at 
both of them all the Angles may be ſeen, though not art once from any one of them, 
but at both ; for thoſe Angles that cannot be ſeen trom ©, may be ſeen from Q ; and 
choſe that cannot be ſeen trom Q, may be ſcen from ©. 

Your two Stations, © and Q, being choſen, ſet up your Theod:lite at O, and turn 
it about till the Needle hang over the Meridian Line; and there fixing ir, 'direRt 
the Sights to A, the Index cutting 19 deg. 10 min. And the Line © A mealured 
7 Chains 46 Links, place the 19 deg. 10 min. in the fecond, and the 5 Cha. 46 Lin. 
in the third Column of your Fe/d- Book. | 

Then direct the Sights ro B, the Index cutting 53 deg. 3o min. and the Line © B 
meaſured 5 Ch. 18 Lin. which note down as betore. - 

In this manner proceed with the reſt of your Lines and Angles, namely, fo many 
_ of them as you can conveniently fee trom your fiſt Station at ©, as thoſe at A, B, C, 
D, K, L, and M. | 

This done, dire& your Sights to your ſecond Station at Q, the Index cutting 
t61 deg. 45 min. (or rather 18 deg. 15 m. below 180 deg.) which note down in your 
Field-Book by it felt; and alſo the Diſtance between the ewo Stations © and Q, 
s Cha. 89 Lin. | | 
Having thus finiſhed one part of the Field, remove your Inſtrument to the other 
Station at Q, and laying the Id:x upon 18 deg. 15 min. thereot, (which is the Ir- 


clination or Difference of the Meridians of the two Stations,) turn it about, ill. 


through the Sights you ſee your firſt Station at ©, and there fix it ; then will the 
Needle hang over the Merivian Line, and the Inftrumene truly ficuate. 

Then dire& the Sights ro E, the Index cutting 52 deg. 15 min. and the Line QE 
cap Wes 5 Chains 10 Links, which mult be noted in your Ficld-Book, in all reſpects 
as Detore. 

In this manner make Obſervation of the Degrees cut at E, F, G, H, and I, and of 
the Lengths of the Lincs ; all which being collecied into your Field-Book, will ſtand 
as you lee 1a the following Table. 


The 


Fig. TE 
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Fig. 1I. 


The Field-Book. 


—____ 


D. M.Ch. Li. 
Al 19 107 4.6 
3 7 © 
7 ET: 
D [132 oo| 6 33] At the firſt Sta- 
E [166 3ol 5 7| Station ©. 
KR. i251 3ol 7 $3 
L {282 oo| 9 95 
M1304 gol 5 oF 


The Stationary Diſtance is 8 Chains, $9 | 
Links; and the Angle © QN, 18d.| 
15 m. the Inclination of the two Me- 


ridians. 
$2 5] 5 I oj 
W 30] 7 - 0 
148 3o[6 40 At the ſecond 


232 30 5 33] Station Q. 
aTy - 07 ©... 98 | 
221 by 4 61 


=O 


CHAP. IV. 
How to Protra& the Obſervations taken according to the 


Work of the laſt Chapter. 


Pon your Paper draw a Meridian Line,-N © S, the Point © repreſenting your 

firſt Scation. Upon this Point © place the Centre of the Prorra&or, laying the 

Line E F thereof directly upon the Meridian Line hereof, NS: Then laying the 

Ficld-Book before you, obſerve the Degrees there noted, and the Lines red, 

namely, TT 

U) At A, 19 deg. 10 min. and the Line © A, 5 Chains 46 Links. 
(2.) Ar B, 53 deg. 3o min. and the Line © B, 5 Chains 18 Links. 
(3) AtC,95 deg. 15 min. and the Line © C, 57 Chains 21 Links. 


_ and fo of the reſt , againſt which Degrees and Minutes make Marks by the edge of 


your Protractor, and draw Lines from © through theſe Marks, as © A, OB, © C, 
D,OE, ©K,©L, © M,; and upon theſe Lines ſer off their ſeveral Lengths 
from ©, as you find them in your Field-Book. 

Having thus Procracted the Obſervations at your Firſt Station, (before you move 
your Pretractor,) make a Mark againft 18 deg. 15 min. and draw th Line © Q, ſer- 
ting off upon it $ Chains $9 Links, the Length or Diſtance between the two Stati- 
ons © and Q. | 

Then upon Q place the Centre of the Protrafor, as before, moving it up and 
down, till the Line © Q lies juſt under 18 deg. 15 min. of the Prorrator ; and hol- 
dinz 17 there, lay your Fic!d-Book before you, and prick down by the Edge thereof 
rag {everal Degrees and Minures, as by your Inſtrument you obſerved them, together 
with the Lengehs of the Lines, as they were meaſured, drawing Lines through thoſe 
Points alfo, as the Lines QE, QF,QG,QH,QLQK. 

Litly, Draw the Lincs A B, BC, CD, DE, EF, &c. $0 ſhall you have upon 
your Paper the exact Plots of your Field; in which (if there be no Error in the 
Wark) the Line MA being drawn, will cloſe exactly with the Point B A, in the 
Poine A. 'CHAP. 


<1 » tat. *: 


- __ 
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How to take the Plot of a Field at T wo Stations, ta- 
ken in any Two Places thereof, from either of which 
all the Angles in the Field may be ſeen, and by mea 
ſgring only the Stationary Diſtance. | 
He Work” of this Chapter, both for the Obſervation and Protrattion, differeth Fig. 1IL, 


nothing from that in the Second, Third, Fourth, and Fitth Sections of the 
Second Chapter of Longimetria betoregoing ; and therefore in it Þ will be very 


brief. 

Let the Field to be Plotted be ABCDEFGH : Having made choice of two 
Places tor your ewo Stations, as © and Q, place your Infrument at ©, and turn 
it about till the Needle hang over the Meridian Line in the Card, and there fix it. 


Then, 


Deg: Min. 
Fo; 1 rA C 21 30? 
Secondly, | B - 1 69- IF 
Thirdly, C | 124 45 | 
Fourtbl, Dire the :D \ The Index p 168 10 Ar the Firſt Sta- 
Fifthly, Sights to | E | cutting {| 292, 3oj tion at ©. 
Sixthly, F Ta 
Seventbly, G | [33 - 
Eighthly, 3 LH Þ5 C325. 30 


This done, meaſure the Diſtance becween, your two Stations -O- and Q, which 
is 7 Chains, and remove your Theodolite to Q, turning it about, til the Need/e hang 
diretly over the Meridian Line of the Card, as before, and there fix it. Then, 


| Deg. . Min. 
Fir, A \ F" 11 -00) 
Secondly, 1B} 23 46 
Thirdly, C 79 45 +3 | 
- Fourthly, \DireQ the} D | The Index} 153 15 Ac che ſecond Sta - -/ 
Fifthly, Sights to5 E cutting j224 304 tionat Q. | 
Sixtbly, © oh ik 299 «| $0 
* . 3 Seventhly, G 329: 00 
Eightbly, ))” «WH; V347; 30. 


Thus having made your Obſervations to all the Angles round about the. Field, ac 
both Stations, and fer them down in your Field-Bbokz and alſo the Diſtance.between 
your two Stations, 45 You ſee here done, you may proceed to Protradt your Work, 
as is directed in the following Chapter. , + 5088 TRE | 


a G4 Po . No 
4 he. | nd _—_ IT YAY ” wo—_— —— —_ I — Ew 


| CHAP YE | 
How-to Protra& the 'Obſervations taken by the lift 
Ca Chapter. <4 


Fes Right-Line,.as NS, ireprotenting the Meridian : upon which Line af- 
ſume any Point at pleaſure, as © tor your firſt Station ; unto which Pointe ap- 
ply che'Centre of your Protrattor, with the Diamerre EF thereof, upon the” Meri- 
dien Line N S before drawn. Then look into your Feld. Book for the Degrees and 
Minutes obſerved at'the firſt Station at ©, pr” againit every of chem make Marks 

| by 


Fig. IT. 
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by the Edge of your ProtraFor upon your Paper: And when you have marked them 


Fg. IV. 


all, draw obſcure Lines from the Station ©, chrough every of them; as che Lines 


© A, OB, ©C, ec. : : : | 
This done, take 7 Chaixs, (your Stationary Diſtance,) and ſer it upon the Meridian 
Line NS, from © to Q. : | 
Upon the Point Q (your ſecond Station ) apply the Centre of your *Protrader, 
with the Diametre E F thereof, upon the Line NS, as before : Then from your 
Field Buck take all the Obſervations you made at Q and againſt them make Marks 
by the Edge of the Protrator, upon your Paper ; an through thoſe Points, from the 
Point Q, draw the Right-Lines QA, QB, QC, &c. 


rQ. A? fO An A o 
QB © B + [B 
lac | &Cl--; C 
The'Lines FE prayer, Fudan © D'>in the Point 42 
OF lor E 
QG © G G 
; vQ Hu LOH H 


Laſtly, If you draw the Right Lines, from Point to Point, of theſe Interſefions; 
as the Lines AB, BC, CD, DE, EF, FG, GH, and HA, they will give you 
the true Plot or Figure of the Field fo taken : as in the foregoing Chapter. 


CHAP. VII. 


How to take the Plot of a Park, Common, or Large 
Champion Plain, by going round about the ſame, and 
making Obſervation at every Angle thereof. :” 


FP: place your Inſtrument at the Angle A, and lay the Index on the Diametre 
thereof, turning the whole Inſtrument about, till through the Sights you ſee the 
ſecond Angle at B, and there fix it: Then turn the Index about backwards till you 
ſee the Angle at G, the Index cutting 97 deg. which is the quantity of the Angle 
G AB: and meaſure the Line AB, containing 12 Chains 5 Links ; which ſet down 
in your Field Book, as formerly. EH” | 

2. Remove the Inſtrument to B, the Index lying upon the Diametre, and turn the 
whole Inſtrument about, till by the Sights you ſee the third Argle at C, and there fa- 
ſten it ; then turn the Index backwards, till through the Sights you lee the Angle at 
A, the Degrees cut by the Index being 120 deg. 3o min. and the Line BC 4 Chains 
45 Links; which note down. | | 

3. Remove the Theodefite to C,the Index lying upon the Diametre, turning the Is 
ſtrument about, till you ſee the fourth Angle at D, and there fix it; then curn the 
Index backwards till you ſee the Angle at B, the dex cutting 132 deg. 30 min. and 
the Line CD 8 Chams 85 Links. 

4. Bring the Infr#ment to D, turning it about till you ſee the fifth Angle at E, 
and there fix it ; then turn the Index backwards, till through the Sights you ſee the 
Angle at C, the Index cutting 125 deg. and the Line D E 13 Chains 4 Links. 

5: —_ che — co E, _—_ it _ ill you fee the ſixth Angle at F, 
and there fix it ; turning the Index backwards to D, it cutting 121 deg. 20:min. - 
the Line EF 5 Chains = Links. CY PR 

6. Remove the Theodolrre to F, turning it about «ill you ſee the ſeventh Angle ac 
G, and there fix it; then turn the Þdex backwards, till through the Sights you ſee 
the Angle at E, the Index cutting 80 deg. and the length of theiLine F G 5 Chains 
657 Links. | 71 I 

7. Laſtly, Place the In/frument at G, and the I®dex lying upon the Diametre eurt2 
the whole Theodolite about, till through the Sights No Saks oh at A, where. 
you began 3 and there fixing it, dired the Sights backwards to F; the Index cutting 
224 dep. and the Line G A 7 Chains 87 Links. | Having 
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Having thus made Obſervation at every An ls of che Field, and meatured-the Length 
of every Line, and entered them into a Field Book, you will find them to itand as in 


this Table. 


2. 
, 
1 4 
, » 


|__]D. _M;/Cha. Lin 
A 97 OOjL2. $1 
B [120 30] 4'1 .. 45 
C 132 OO 5 55 
Djr2z5 oofrg”- 
(E jJa21 391 7 70 F 
'F-F 89 + bof 5 67 
G i224 ool 57 87 
1900 oo 


CHAP, VII 


How to Protra&t the Obſervation taken in the laſt 


; , RN 
T. Raw a Line, as AG; then apply the Centre of your Prorrador to the Point Fig. 1V. 
A, and ( becauſe the Degrees cut at. your firſt Obſervation were 97 deg. ) 
turn the Protra#or about, till the Line A G lie direaly under 97 deg. and then at 
whe beginning of the Degrees of the Prorrattor ( marked with. the Lertrer F ) make 
a Mark, and through it draw the Line A B ; fetting 12 Chains 5 Links upon it from 

A to B. 7 

2. Apply the Centre of the Protra#or to the Point B, and turn it abour, till 120 
deg. 3o min. ( the Degrees cut by the Index. at B ) do lie juſt over the Line AB: 
and at the beginning of the Degrees make a Point upon your Paper ; chrough which 
draw the Line B C, containing 4 Chains 45 Links. 

In this manner muſt you deal with all the reft of the Angles : And when you 
come to Protratt the Angle at F, and have drawn the Line F G, you ſhall find it to 
cut the Line AG, firſt drawn, in the Point G, leaving the Line A G to contain 
* Chains 85 Links, and the Line F G, 5 Chains 67 Links. ; 

In the performance hereof, Practice is better than many Words, and the Sight of 
the Figure more than Intormation ; in which you may fee the Prorrator lie in its true 
Polition at every Angle. 


CHAP. IE 


How to Diſcover whether the Angles made at your ſe- 
 veral Stations be truly taken or not. 


His way of Surveying, (which is infertor to none, alchough not altogether 

fo expeditious as ſome ways which tollow, ) hath a preheminence above the 
reſt; for by help of your Fie!d Bo#k you may (before you go out of the Feeld ) 
know whether your Plor will cloſe at the end of your Pretrattion, before you begin : 


And for co effect it, this is the 


RULE 


Multiply 10 deg. by a Number leſs by two than the Number of the Sides or Angles in 
Jour Plot, the Produtt of that Multiplication ſhall be equal to the Summ of all 3, An- 
gles obſerved. | 

Example. In the Plot of the Field laſt taken, [| Fig. IV.] the Number of the Sides 

or Angles thereof are Seven, two leſs is Five : wherefore Multiply 180 by 5, and the 
Product will be goo. Then addall Angles of your ſeveral Obſervations together, 
as 


* Ae ape _ 
nt _— wo! 1 » p- 
— 


way = <td  viaringh bop on 


7, "+ Ao 194 
_— A 


—_—_— _ 
6 gs. 
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OO 
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Fig. V. 


Fig. V. 


as they ſtand in your Field Book, and they make 9oo alſo ; which demonſtrates the 

Angles to be truly taken : for if they had ditfered, there had been ſome error com- 
mitted in your Obſervations. ; : 

Nete, That the quantities of all Angles, are to be reckoned in the infide of the 

- Plot, and not without, as in the foregoing Plor, the Angle at G being 224 deg. 

Theſe are counted within the Field, but the outward Angle thereof is but 136 
deg. by which Angle it muſt be Protracted, as in the Figure is evidently ſeen. 


——— ——— t— 


— 


CHAP. A 


A more Compendious way of taking the Plot of any 
Wood, Park, or other large Champion Plain, by the 
Theodolite ; by going about the ſame, and making Ob- 
ſervation at-every Angle of the ſame. 


ET ABCDEFGHK be a large Common Field, or the like, to be Plotted, 

In this way of Surveying, you muſt always obſerve this Method ; viz. (r.)Ar 
every Station, to ſet the In/?rument ſo that the Needle may hang directly over the 
Meridian Line in the Card. And (2.) to keep one end of the Index next your Eye, 
and not ſometimes one and ſometimes another, for that will cauſe confuſion in 
your Work. Then (3.) always count the Degrees which are cut by that end ot the 
Index which is fartheſt trom you. Obſerving theſe Cautions, I will proceed to the 
Pradiice ; in which, as alſo in the Protra&ion, I will be very briet. 


MM. Ch. Lin. 

FA?) (B} - C290 oo? 107 (ev 75 

[B | [c|2P|2799 oo|, |BC| |6 8; 

Place the —_ D | EZ 1216 zo] 0 122 wi 7 $2 
dolite, the Needle, D M5 PWR the E | O 325 OO [98 | D E |< | 6 96 
ela een ah 2h] E * Sights to + 'E 49 30 re(EEPa © v8 
= ne IHE WAGER: 
[H | [|&|&| 77 oo| [HK] | 7 74 

CK ; A 100 367 TH; E823 


Having gone round about the Fie/din this manner, and colle&ed the Degrees cut 
by the Index, and the Lines meaſured by the Chain into a Fie/d Book, they will ſtand 
as above : By help whereof you may Protract and draw a Plot thereof, as ſhall be 
directed in the following Chapter, very much differing from all the former ways of 
Protraction. 


CHAP. XL 


How to Protrac the Obſervations taken according to the 
DireGions of the laſt Chapter. 


LJ a Sheet of. Paper, or Skin of Velom, as LMN O; draw ſeveral Lines pa- 
rallel one to another, as in the Figure, but let the Diſtance of thoſe Parallels 
be leſs than the Breadch of the Square part of the Protrattor. Theſe Parallel Lines 
are called Meridians: and upon ( or parallel to) one of theſe, muſt the Aeridian 
Line of your Protrattor, noted with E F, always be laid. 

Your Paper or Velom thus prepared, aflign a Point upon any Meridian ( as A; ) 
upon this Point A place the Centre of the Prorrator, and the Meridian Line thereof, 
| Y EF, 
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E F, upon the Meridian of your Paper : "Then by your Field-Book you find that the 
Degrees cut by tie [adex at A, were 191 deg. which being more than 180, lay the 
Semicircle oi the Protrattey downwards, and againſt 191 deg. make a Mark with 
your Protraet img: Pm, then trom A, through this Point, draw the Line A B, to con- 
tain 10 Chains 75 Links. : : = | 

2. Apply the Centre of the Protrattor to the Point B, wich the Meridian Line 
E F thereof, parallel to one of the pricked Meri4:ans upon the Paper: And ſeeing 
the Degrees cut at B are more than 150, wiz. 279, lay the Protrattor downwards, ” 
( as before, ) and make a Mark againſt 279 deg. through which draw the Line B C, 
containing 6 Chains 53 Links. | : = 

2. Apply the Protractor to C, and the Meridian of it parallel to the Meridians on 
the Paper, and che Degrees cut at C being more than 180, viz. 216 deg. 30 min. lay 
the Protraffor downwards, and make a Mark againſt 216 3 through which, from C, 
draw che Line CD, containing 7 Chains $2 Links. 

4. Lay the Centre of che Prorrateor upon D, the Semicircle downwards, and againſt | 
225 deg. ( which were cut by the Index at D, ) make a Mark, through which draw 
a Line trom Dto E, eo contain 6 Chains 96 Links. 

5. Apply the Centre of the Protractor tO the Point E, and the Meridian Line there- 
of upon ( or parallel to ) one ot the Merid;ans upon the Paper : Now ( becauſe the 
Degrees cut by the Index at this Obſervation made at E, were lefs chan 180, wiz. 
but 12 deg. 3o min. ) therefore lay the Semicircle of the Prorra#or upwards, and 
make a mark or prick againſt 12 deg. 3o min. through which, from the Point E, 
draw the Line E F, to contain 9 Chains 71 Links. 

In this manner muſt you Prorra# all the other Angles at F, G, H, and K;- and 
more, if mare had been: Remembring always, that it the Degrees to be Protracted 
be leſs than 180, the Semicircle of the Prozrator muſt be placed upwards ; bue if 


above 180 deg. downwards. 
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CHAP. XI. 


How to take the Plot of a Lordſhip, or Mannor, con- 
feſtins of divers Severals, as Paſture, Arable and 
Wood Land. * 


Need not uſe many Words to illuſtrate what I intend to teach in this Chapter, 
having. already ſeveral ways declared che manner how this Work, or the like, 
may be performed: Yet I will here ſhew one other way, fomewhat ( though noc 
much ) differing from the laſt way in Chapter X : and in the Explanation thereof 1 
{ball be very brief, giving you only the Sight of a Field Book, .in which the Obſerya- 
tions were centred that were taken in the ſeveral Fields : the Sight whereof, compared 
with the Figure, (obſerving the DireQions in the two foregoing Chapters, ): will givg 
more Light than a large Chaprer of Information or Precepts. ; 


ui 


Cccc The 


Curesus MATHEMATICUS. Book VI. 


170 
The Form and Order of the Field-Book. 
___ XY RE RE REY JR... a 
O x | | (OR: 
CIbi $CL > [139439 
o 10] Ar © o IO Ac 
1 159 I6fanda Gate ) 72Þ I5and 1 C. 
a Gate |o 52j/2 20 o 1511 35 o L.more. 
o I5j2 45 O 20[2 4c|2 309; ; 
2 $30 45nd a Hedge | 2 Bc The Station's 
a Hedge|o 50{4 | end: But ſet forwards 0C.60 L.coagainſt 
» 770 © a Hedge, and ſet off co the Right 3o L. 
5 00 6C for the Hedge Corner at 4. 
'S 3o5 81 | | © 9) | 
6 B00 60 $od © | < 
Oo 45,7 9 At 
9 ON | 2 10-34% - I croſs a 
7 600 20 I 10/0 60 Hedge. 
js 295] = o 9711 BY 
lo 20] ©2 o 40 2- M 15]0 29 
| | 151 of < 2 203 ol| 3 
a Hedgeo 25] At [9 52/4 Gate Mr 
and Stile 11 35 | 1314 6| < 
o 101 58 Ar 
I 94 | O 320 7J2 
o 25; © 3 Þ 16 I =E 2s 
> |161 | $4 
| At [r 100 55 
© IOI IO rt o82 49| 
Lanes end © 302 43 * $20 75 
2 Goo 42 LanesEnd( | ” TR oo! The Station's 
> vj Be. | I; end, and the Wood encloſed. 
oO Fol © 4 ; Having thus far proceeded, and incloled 
| 1009 20} < the Wood in your ProtraQtion, according 
At to the Notes in your Field-Book, from the 
oO 2c 6olLanes End Points ſet off in your Field-Book to the let þ 
o Coll <C Hand in your 9* and 10" Stations, which! 
| 1 45Þ 15 will be the Points a, b, c,d, ande.— If you 
o 3g? 95 row draw the Lines ab, bc, cd, de, ef and 
2 3cÞ 65 f g, you ſhall have incloſed Weſt Ezeld alſo. 
2: 'Jcjo- 2C Then going to your Inſtrument, ſtanding 
þ g- 2 45|Lanes End all this while at your 10* Station, dire it 
3 c to your 11"Sration, and enter your Notes 
| KS 5 in your Field- Book as followerh. 
01 5 © 10 [Making an Angle 
At > | 128!« with© 9g 
Lanes CornetJDO I 5.0 200 25 Ar of (i 2814 
? FO Corner of | 3 2511 90 
I 40 [che Lane Oo O013 70 
_ © 6 4 5oll 22 
þ 20]1299 Of 25 lo 4$0'e- - 6 
_  bÞ 20 73b 25 So © 11 | 
1 o 20] © 7 þ 25 | ico Of < 
1184 o < At 
Ar © 20[0 fs) 
© 4olt 10 o 65[1 35 
1 400 © 75 [ croſs a 
2 300 60 4 60! Hedge. 
b a3 4 [ am come now to my Firlt Station, 
[2 600 45 | where I firſt began. Obſerve 


cb, bi, i k, and & 4, you ſhall have incloſed the Upper Fall. 
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Obſerve well the Field-Book foregoing, and compare it 
= with Figure VI. | 


| Our Inſtrument being placed at Station 1, | thus marked in the Figure © i, ] 
and your Sights directed co © 2, your Viſual Linewas © 1, © 2, — In the 
meaſuring of which Line I find, by my Field- Bock, that at © 1 I was diſtant 
from the Hedge corners on either fide ro Links of a Chain: wherefore upon 
a Sheet of Paper I draw a Right Line, as © 1, © 2, and on either ſide thereof I ſer 
10 Links from © 1 to » on the Right-hand, and from © 1 to / on the Left-hand. — 
Then 1 find by my Fre/d-Book, that at the end of 1 Chain and 15 Links, my Viſual 
Line is diſtant from the bow of the Hedge on the Right-hand 16 Links, which I 
ſer from my Viſual Line to o, and draw » eo. Alſo, at the end of 2 Chains 45 Links, 
I find that I am diftant from 'a bow in the Hedge and a Gate there 52 Liriks : 
wherefore I ſet 52 Links from my Viſual Line to r, and draw the Line{s. And in 
this manner I proceed ( as my Field-Book direats me) till I have gone quite round 
the ſeveral parcels to be Surveyed, ( which are here Six : ) and proceeding in this 
manner, you ſhall have the true Plot of all your Severals, as in the Figure ; which you 
may caſt up and order according to the direQions following. 
And now having finiſhed your Field-work of theſe Four other Cloſes, and by 
your Protraction found the Points b,i,k,l, m,n,o,p, and q, if you draw the Lines 
nd if you draw the 
Lines & p, pr, and rf, you (ball incloſe Brill Mead. — Alfo, if you draw the Lines 
5q, 9%, no, and op, you will incloſe the Lower Fall. — Lafly, If you draw the 
Lines 4 1, Im, and mp, you will incloſe the Eſt Picle. ' 
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The Conftrution, Deſcription, and Uſe of a Decimal 


Table, Shewing the Difference of Longitude and 


Latitude of any Line at every Degree of lnterſetion 
with the Meridian, for the ready finding the Eaſting 
and Weſting, Northing and Southing of any Mea- 
ſured Line, having its Bearings, and alſo the Per- 


pendicular Altitude and Horizontal Line of any Hill 


or Mountain. 
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The Decimal Table. of 
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29 | 0485 | 0970 == 20OO | 25O0O | 3Odo | 35 i b 
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KEEL Iago { 1490 1.5120 | 2656 2268 [3542 357 | 4991 | $446 
2 | 0530 2198 | 2723 5033 
33 Sb 1698 | 2237 2868 | 344% | 4015 | 4985 | $163 | $936 
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# 0574 | 1147 | 1721 CW [Songs as | 4702 | 5290 yo 
76 1763 2351 | <939 + ll 212 4814 5416 = 
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The Decimal Table. 
D j 10 | 20 | 3o | 40 | 5O 60 70 | Bo 90 | 100 
8&9 | 0999 | 2000 | 3000 | 3999 | 4999 ] 5995 | 6998 | 7998 | 8998 | 9998 
&% | 0999 | 1999 | 2995 1 3995 | 4997 | 5996 | 6596 | 7994 1 $994 | 9994 : 
$7 | 0999 | 1997 | 3996 | 3995 | 4993 | $959 | 6958 | 7987 | 8986 | 9985 
&%6 | 0998 | 1995 | 2993 | 3990 4988 | 59856 6984 | 7983 8972 | 9976 
55 | 0996 | 1992 | 2989 | 3955 | 4981 | 5977 | 6973 | 7970 | 8966 | 9962 
$4 | 0995 | 1989 | 2983 3975 | ond 5962 | 6957 | 7952 8947 | 9945 
83 | 0993 | 1955 | 2975 | 3970 | 4963 | 5993 0946 | 7939 $932 | 9925 
52 | o990 | 1981 | 2971 3961 | 4951 | $940 | 6931 | 7922 545 9903 
$1 | 0988 | 1975 | 2963 , 3951 1 4935 | 5925 | 6913 | 7901 8892 | 9877 
$0 = 1969 | 2954 | 3939 | 4924 |- $909 | 6594 | 7878 | 8863 | 9848 
29 | 09982 | 1963 3945 | 3926 | 4508 | 5590 | 6571 | 7553 8834 | 9816 
78 | o9%8 1 1956 | 2934 | 3913 | 4891 | 5869 | 6847 | 7825 | 8803 | 9781 
77 |} og75 | 1949 | 2923 | 3897 4572 | 5546 | 6821 | 7795 | 8570 | 9744 
76 | 0970 | 194I | 2911 3581 | 4551 | 5521 6792 | 7762 $773 | 9703 
75 | 0966 | 1932 2598 3564 4530 5796 | 6762 | 7928 8694 | 9659 
74 | 0961 1923 | 2884 | 3845 | 4806 | 5768 | 6729 | 7690 | 8652 | 9613 
73 | 0256 | 1913 | 2869 | 3825 | 4782 | 5737 | 6694 | 7650 | $607 | 9563 
72 | og51 | 1902 | 2853 | 3804 | 4755 | 5706 | 6657 | 7608 | $559 | 9511 
"1 | 9946 1891 | 2836 , 3782 | 4727 | 5673 | 6618 | 7563 |; $510 | 9455 
70 | 0240 | 1898 | 2818 Lak _— 7515 | 8457 | 9397 
69 | 0934 | 1867 2801 | 3734 | 4668 | 5600 | 6533 | 7467 | 8401 | 9336 
68 | 0927 | 1854. | 2782 1 3709 | 4636 | 5564 Les 7416 | 8344 | 9272 f 
67 | 0921 | 1841 | 2761 | 2682 4602 | 5520 | 6441 | 7362 | 8284 | 9205 
66 | 0914 | 1827 | 2741 3654 4568 5478 62392 . 7306 8221 | 9135 
65 | 0yo6 | 1813 2719 | 36925 4531+ 5434 | 6341 | 7248 | 8156 9063 
| 64 | oS99 | 1998 | 2696 | 3595 | 4494 | $390 | 6290 | 7189 | $088 $985 
63 | 0591 | 1982 | 2673 | 3504 | 4455 $343 | 6235 | 7126 | 8018 | $910 
62 | 0853 | 1766 | 2649 | 3532 | 4414 | $295 } 6199 | 7062 | 7946 | 5829 
61 | 0575 | 1749 | 26241 3495 | 4373 | $247 | 6122-j 6997 7872 | 8746 
6o | 0866 | 1732 | 2595 | 3464 | 4330 | $196 | 6042 | 6928 | 7794 | $660 
59 | 0857 | 1514 | 2572 | 3429 | 4256 | 5142 | 5999 | 6557 | 7714 | $572 
5$ | 0848 | 1596 |'2544 1, 3392 | 4240 | 5056 | 5934 [| 6753 | 7631 | $450 
| 57 | 0839 | 1657 | 2516 3355 | 4193 | 5029 | 5569 | 6708 | 9754S | 8387 
' 56 | 0829 | 1658 | 2487 | 3316 | 4145 | 4971 | 5501 | 6630 | 7460 | 8290 
55 | 0819 | 1638, 2457 | 3276 | 4095 | 4912 | $732 6552 | 7372 | $192 
54 | oBog | 1618 owe 3236 | 4045 | 455r | 5661 | 6470 | 7280 | 8090 
53 | 9799 | 1597 | 2396 | 3194 | 3993 | 4779 | 5576 | 6372 | 7169 | 7986 
$52 | 0788 | 1576 2364 | 3152 | 3940 | 4726 | 5514 | 6303 | 7091 | 958%0 
gr | 0777 | 1554 | 2331 | 3109 3586 | 4668 5429 | 6216 | 6994 | 7771 
50 | 0766 ] 1532 2298 3064 | 3530 | 4596 | 5362 | 6128 6894 | 7660 
| .. 49. | 0755 1509 | 2264 | 3019 3774 | 4528 | 5253 | 6035 | 6792 | 7547 
| 48 | 0743 | 1486 | 2229 |] 2973 | 3716 | 4461 | 5203 | 5946 | 6688 | 7431 
| 47 | 0731 | 1463 j 2194 | 2925 | 3657 | 4392 f $122 | 5553 | 6581 | 9314 
| 46 hats 1439 | 2155 | 2577 | 3597 4345 | 5072 5796 | 6522 | 7193 
' 45 | 0707 | 1414 | 2121 | 2528 | 3536 | 4243 [| 4950 | 5656 | 6365 | 7071 
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The Deſcription, Uſe, and Conſtruttion of the foregoing Decimal Table, 
for the finding of the Eaſting and Welting, Northing and Southing 
of any Line, the Length and Bearmg bemg given. And alſo the Ha- 
rizontal and Perpendicular Line of any Fill, &c. 


* 2. The Deſcription. 


H1S Table is fo ordered, as to be in two Pages, the one facing the other, ſo 


that both Pages may be ſeen at one view ; the Left-hand Page having the firſt | 


45 Degrees of the Quadrant in a little Column on the Lefr-fide thereof, and begin- 
neth at the top, and is numbred downward, beginning with 1, 2, 3, &*c. and end- 
ing with 45. And this Page hath alſo ten Columns more towards the Right-hand, 
which are noted at the Head with 10, 20, 30, &c. to 100, over the laſt Column. 
And as the Left-hand Page is noted at the Head, ſo is the Right-hand Page alfo ; 
and hath a little Column alſo towards the Left-hand, which is numbred upwards, 
as the other was numbred downwards; and it hath the Degrees anſwering to the 
other half of the ©uadrant, wiz. trom 45 to 9o Degrees, accounted upwards, for 
the readier finding the Complement of any Number of Degrees to 9o, tor the 
convenience of taking out the Numbers anſwering to any Degrees, and the Comple- 


- ment of the ſame Degrees, both at one view. The Uſe of this Table will more plain- 


Fig. VIE. 


ly appear by the Examples following, than by uſing of many Words for the explain- 
ing of it, 


I. The Uſe of the Table. 


Example 1. The following Figure VII. is the Plot of a large Wood near Hornſey, 
and adjoining to a place called Copr-Hall, which is called by the name of Brown's 
Wood. 

The Lines of the Sides are noted with ABCDEFG, as you ſee the pricked 
Lines of the outlide of the P/zz berween Letter and Letter; and the black Lines 
within the pricked ones are the Bounds of the Wood ; and the ſhort pricked Lines 
which touch the other pricked at Right Angles, are Perpendicular Sets off from the 
Chain Line to the outlide of the Wood: | 

There are two other pricked Lines; the one noted with VN. $. which ſignifieth the 
Meridian, or North and South; the other noted with E. W. which ſheweth the Ez/# 
and «ft parts of the Plot of the Wood : and theſe Lines interſe& or meet one ano- 
ther in the Point A. Andif a Line be drawn parallel to N. S. through the Point 
B, that will alſo be a Meridian Line, and ſhew the North and Sourh parts of the Plit : 
and then from the Line Eaft, eff, draw allo a Line parallel, cutting the Point B; and 
that will ſhew the Eaft and Weſt tides of the Plor. And in the like manner you ma 
continue the drawing of Parallel-Lines from the North and Seurb, and Eaſt and Weſt, 
to all the Angles of the Plot, or any other, if you liſt to take that pains. 

Then having provided a Field: Book, in form 'of that which followeth, divided 
and ruled into 5 Columns, you may proceed to the Field-Work -in manner  fol- 
lowing, viz. . | | 

Frrſt, Placing your Inſtrument at A, and the Flower-de-luce towards you, direct 
your Sighrs to B, and obſerve What Degrees the Sourh end of the Needle cutteth, 
which I find to be 37 Degrees, and beareth from the North towards the Weſt 37 De- 
grees, as by the Plot and the Line of North and Weſt from the Point A is diſcovercs. 
And you may very ealily diſcern that the Line A B lieth nearer to the N:erth than 
the Weſt, and therefore the North Column muſt have the bigger Number ; and for 
the bigger Number you muſt always uſe the bigger Angle ; which in this caſe is the 
Complement of 37 Degrees to 9o- Degrees, which is 53 Degrees. Then meaſure the 
diſtance of the I}trument from the corner of the Wood, it being here Perpendicular 


to the corner : but if the I/frwment had been ſet up before you come to the Per- 


pendicular let tall from the corner of the Wood upon the meaſured Line, then you 
mult meaſure ſo far of the meaſured Line, till there will a Perpendicular fall trom 


the 
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the corner of the Wood or Field upon the meaſured Line. "Then count how much 
of the meaſured Line cometh to that Perpendicular, and note that down in the 
Column provided for the Chain Line; and then meaſure che diſtance from the 
place the Chain was accounted from the Injfrument, and fer that down in another 
Column fitted for that purpoſe, tor Sets off, either on the Left or Right-hand. And 
as in this Plot all the Sets off are to the Right-hand, the diſtance from the Þfrument ro 
the corner of the Wood at A is 1 Chain and 60 Links,which I fer down in a Column 
on the Right hand of the Chain-Line Column, and Cyphers in the room of Chains 
and Links ; fignitying there was no pare of the Line A B meaſured where that Per- 
- pendicular fell. Then meaſure from A tothe next Perpendicular at Number r, 
which is 75 Chains oo Links: this muſt be pur in the Chain-Column under the Cy- 
phers. Then meaſure the diſtance trom the Chain to the Bounds of the Wood, 
1 Chain 73 Links, and put that in the next Column under 1 Chan 60 Links Then 
meaſure from 1 to the Number 2, which is from A 10 Chains and 60 Links, which 
muſt be placed under 7 Chains oo ; and there the diſtance trom the Woud is nothing; 
therefore place Cyphersin the next Column,under 1 73. Then trom Aro 3is 14Chains 
oo Links, which place under 10 60, and meaſure the diſtance trom thence to the 
Bounds of. the Wood, which is $o Links, which put in the next Column under © 00. 
Then from A to 4 is 16 Chains $o Links, which place under 14 900, and at that 
place the diſtance of the Bounds of the Wood, which is 5S Links; place 85 un- 
der So in the next Column. And from A to 5 is 19 Chains 60 Links ; then pur 
19 60 under 16 $0, and there take the diſtance of the Bounds of the Wood, which 
is 1 Chain o6, which place under o 88, and. proceed to the Number 6. The di- 
ſtance from A to B is 29 Chains 40, which place under 19 60, and find the ſhorr- 
eſt diſtance of the Bounds of the Wood, which is 1 Chain, whick place in the next 
Column : and then put 29 40 under 29 49, and take the greateſt diſtance, which 
is 1- Chain 92: which place under 1 oo, and by that means, when you come to 
Plot the Wood, you will have that break at Number 6. (Bur if the break had 
been the contrary way, then you ſhould have taken the greateſt diſtance firſt, and 
ſer down the number of Chains and Links from A ; and then afterward taken the 
ſhorteſt diſtance, and againſt it in the Chain-Line fer. down the diſtance from A :; 
and by uſing of this method you will not be ſubje& to miſtake, whether the break 
ſtandeth from you or cometh cowards you.) Then having finiſhed my work at 
Number 6, I meaſure forward to the Beacon placed at B, and I find the diſtance * 
from A to B is 35 Chains and 20 Links, which I place: under 29 40; and then 
meaſure the diſtance from the Beacon in a Perpendicular Line to the Bounds of the 
Wood, which is x Chain and 96 Links, which niuſt be placed under 1 92 : then is 
the Line A B finiſhed. | : 

Then take down the Beacon and fct it up at C, and place the Inſtrument at B, 
where the .Bzacon ſtood ; and putting the Flower-de-luce towards you; direct the 
Sights to C,, and you will find that the South end of the Need/e will ſtand over 
71 Degrees from the Soxtb towards the Het ; and therefore the We Column muſt 
have a great deal the bigger Number, as the proportion of the Sine of 19, the Com- 
plement of 51, and'ithe vine of 71 require. Then place down chis 51 Degrees in 
its proper Column, and S. . wich it, to ſignifie that the Line is Sourh weft 71 De- 
grees. "Then meaſure the diſtance from the, Inſtrument to the Bounds of the Wood 
in a Perpendicular Line to B C, and noce it down'as you did in the Line A B. 
Then, as you meaſure towards C, take notice of the Perpendiculars as you pals 
by, and ſet them down in the fame order as you did in the Line A B: and ha- 
ving ſet them down in order in your Fjeld-bock, and meaſured to the Beacon at C, 
—_— ” 10 Chains 20 Links, and the Perpendicular nothing 3 then is the Line B C 

n ; 

Then take down the Beacon at C, and ſet it up at D,and place the Initrument where | 
the Beacon ſtood at C, and bring the Flower-de-luce tywaids you, and direct the Sights 
to D; the Inſframent being ſet level, you will find chat the $:urb end of the Needle 
will reſt over 15 Degrees Weſtward of the' North ; which muſt be noted in your 
Field: Book thus, 1% D. N. W. And here the North Column [mult have the bigger 
Number ; the Line C D being nearer the Ne#1b than the 7, muſt be the bigger 
Number, and longer Line. Then meaſure trom C ro D, which is 17 Chains and 
20 Links ; taking notice of the Perpendicular Sets off as you go along, as you were 
directed in the Line A B, and enter it into your Fie/d-Bock accordingly. 


Then 
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Then remove the Inſtrument to D, and place it where the Beacon ſtood, and fer 
up the Beacon at E; then turn the Flower-de luce towards you, and direct your 
Sights ro E, and the Sourh end of the Needle will cur 52 Degrees Eaitward from 
the North : therefore you mult enter in your Field Buok 52 D. N.E. And here the 
Eaſt Column muſt have the bigger Number; tor 52 being more than 45, the Line 
DE is more Eft than North : for it the- Degrees ot bearing be juſt 45, the Number 
in boch Columns 1s alike. . : 

Then meaſure from D rowards E, until you come againſt the Perpendicular of 
the corner of the Bounds of the Wood ; and in this Plat we go forward 85 Links 
before we come to the Perpendicular of the Wood: corner : then ſet down oo 85 
in the Chain-Column, and meaſure how far it is in that place to the Chain-Line, 
which will be found to be 5o Links 3 which muſt be pur into the next Column, as 


Then meaſure to the Beacon at E, and as you paſs by take an account of the 
Length of the Line to that corner of the Wood, which is 20 50, and the diſtance 
there from the corner of the Wood 5o Links : ſet them both down as you did the 
other, and meaſure to the Beacon at E, which is 21 10; which enter in the Field: 
Book, and the Line D E is-finithed. | 

Then remove the #{rament to E,. and the Beacon to F, and turning the Fower- 
de-Ince towards you, direct the Sights to F, and the South end of the Needle will cut 
38 Degrees, which is from the South Eaftward, and muſt be noted down in your 
Field-Book thus, 3s D. $. E. or thus, S.E. 38. This 36 being lets than 45 to the 
Eaſtward, the Line E F will be nearer to the South than to. the Eaſt, and the South 
Column muſt have the bigger Number. Then meaſure from E to the corner of 
the Wood 50 Links, and the diſtance is alſo 5o from the corner, as you may plain- 
ly ſee in the Figure of the Field-Book following, So going forward, and taking 
an account of al the Perpendicular Sets off from thence to F, as they are noted in 
the Field Book. | | | 

Then remove the Þſtrument to F, and the Beacon to G, and bring the Flower-de- 
luce towards you, and direc the Sights ro G, and the South end of the Needle will 
cut South-Eaſt 22 Degrees: which place in your Field-Book as betore,und meaſure the 
Line- F G as you did the others, and put it in the Fie/d-Book. 

Then remove the In/frument tes G, and the Beacon to A, and the Flower-de-luce 
ſtanding towards you, and the Sights directed to A, the South end of the Needle 
will ſtand Sourh-Feſt 50 Degrees 3 which note in your -Field- Book thus, S. W. 5o D. 
Then meaſure the Line GA, and take P. the Perpendicular Sets off, as you go along ; 
and enter this Line in your Feeld-Book, as you did in the other; and they will ftand 


as 1n the Figure of the Field: Book is expreſſed. 
This Field Book hath Eight Columns. The Firſt of them towards the Left-hand 


is for the Bearing of any Line from the North or South, Eaſtward or Weſtward, and the 
number-oft Degrees that the Line differs from the Meridian ; as in the tirſt Line of the 
Figure, AB is Weſtward from the North 35 Degrees, as you ſee nored in the upper 

part of the firſt Column. '* The Second Column is noted at the Head with Per. S. 


' which hgnifie Perpendicular Sets off cowards the I ett-hand, which will many times 


happen, alchough in this Example all the Sets off are co- the Right-hand ; but many 
times in meaſuring through Lanes, it will be convenient to take Sets off on both ſides, 
and therefore have a Column for both hands. The Third Column is noted at the 
Head with C. L. which fignifies Chains and Links: and in that Column is ſet down 


in Chains and Links the diſtance from the Inſtrument to any Break, or Perpendicular 


Ser off, in all the Lines that encloſe the Wood, or any other parcel of Ground. And 
the Fourth Column is for the ſame uſe as the Second, only che difference of Left 
and Right-hand Sers off, as is before declared in the meaſuring of the Line A B. 
Ine other Four Columns are noted at Head in this order, North. Seuth. Eaſt. We#t. 
and are for no other uſe, but to ſer down how far any Line goeth upon any of 
thoſe Points. 

Having finiſhed your Work in the Field, lay your Field Book before you ; wherein 
you thall find your firſt Bearing co be N. I. 39 Degrees, and the Length of your firſt 
Stationary Line, A B, to be 35 Chains 20 Links. | 

Now repair to your Decimal Table, and look for 35 Degrees in the firſt Column 
of the Letet-hand Page; againſt which ( and under 3o, for 3o of your Chains) you 
thall find 1805, and in the ſame Line under 50, ( for the 5 Chains) you ſhall tind 


3909, which let under 1805 one place backwards : Then for the 20 Links, look 
10 
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The Figure of the Field Book. 
Bearing D. | Per. S. | C. L. | Per. S. | North. | South. | Eaſt, | Weſt. 
N.W. 37 . | 00 oo | 1 6&0 | 
| IR 07 oO] 1 #73 
| 10 60] 0 oo| 2396 | 18.05 
| 14 oof o- B80 | 3.993 3.009 
| 16 goſo B88 1597 1204 
I9 G6oO0[r1 O6 | 
29 40|1 oo 
29 4O|1l 92 | 
35 20|x 9g6| 
S. W. 7l OO OCOCOJ1jO 48 | 03.256 | 09.495 
O02 COlo OO o0651 651 
; t 06 80|1' 20 | | 
og ooo 80 
| | IO JO! | 
N.W. 18 | 00 ©O0|o, o0| 09.51 | 03.090 
| | 04 407 1 - 4© f Gone 2.163 
| 13. 20] © 00 | 1902 0618 
16 75|o 60 
| [ 17 20fo | ; 
- | — | — | — | "0 WY" COOAMIOY 
N. E. 52 coo COfo oof 12.31 15.76 
oo 88 fo 50 0616 0788 
| 20 Bofo 5o | 0616 0788 
21 10; | 
—— Fn | "* | CITE <4 ceo ammmmargne Rt | — 
S. E 38 0 oolo oo | 
| co 5ohfo 50 , 
| 02 40]o | oo 23.64 | 18.47 
| o6 coolo' 2. 2364 r8;7 
| | 13 70lÞo 4go | 3152 2463 [ 
| »17 G6Of © 5O | | 
21 4QO|]1 OO | 
| 26 80|2 . 8 | | 
33 40]o 40! | | 
mms | | mais e— > 
S. E. 22 | | oo ooo 40 | 
03 70[o oo 18.54 | 07.49 
| | | Is COj|oO go 0.927 0.375 : 
21 4O0|oO 40 | 5564 2248 | 
21 ' 60 | 
S.W. 5O © ooo oo | | 
CO Zoo 20 06 43 | | 07.66 
| | 02 40 | © ©Oo 0.6.4.3 | 0.766 | 
| ax 6030-20 4499 $362 
| | IO 40 | © o©o | | 
| 11 7o : a IH » 
48 he Summ, is—— ————| 57.3585 | 57.1866 | 45.2799 | 45 0165} 
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in the ſame Line (of 37 deg.) under 20, and there you ſhall have this 18.05 


Number 1204, which ſet under the other, ſtill one place backward: All 3.009 


which Numbers muſt be ſet in-this Order, under the Weſt Column of __.1204, 
the Field-Book ; and ſo will they ſtand there as you ſee them ſtand in 21.199, 
the Margin, and their Summ is 21.1794. 

Alſo look in the Right-hand Page of the Decimal Table, for 53 deg. 
(the Complement of 37 d.) and againſt 53, and under 3o,(for 30 Chains,) 
you ſhall find 2396; and in the ſame Line, under 5, (tor the 5 Links,) 23.96 


| 39931 which ſer under the other ; and in the ſame Line, under 20, ( for 3.993 
' 


E 20 Links,) you ſhall find 1597, which ſet under the two other, which 1597 
are to be placed in the North Column, as in the Margin, whoſe Summ is —— 
28.1127. And theſe Numbers you ſhall find ſtand in the North and 28.1127 
Weſt Columns of your Field- Book , becauſe the quay was North- 

Weſt : And thus muſt you doe with all the Bearings, as is done in the Fi- 

gure of the Field-Book. Which done, add up each- Column ; and if the North 
and South are borh equal, and the Eaft and Weſt alſo equal, then you may be ſure 
that the Work is exactly done, and the Degrees of Bearing truly taken, and the Lines 


- alſo truly meaſured. Bur in this Example there is a quarter of a Chain difference 


berween the Eaſt and Weſt, and 17 Links difference berwixt the North and South ; 
which in this large Wood is not very material, by reaſon we uſe all whole Degrees. 
And this ſmall Error may very eaſily be mended in the plotting of the Chain-Lines. 
Bur if you uſe an Inſtrument that you can diſcern Halts or Quarters of a Degree, 
or Tenth parts of a Degree, if poffible, then if you make uſe of this Table, you 
muſt make proportion for the Minutes ; but if you make uſe of a Table of Natural 
Sines, the Work may be done by one Multiplication for each Column, which will 
plainly appear as followeth. | | 


Example II. How by 4 Table of Natural Sines, to ſupply the Uſe of the 
| foregoing Decimal Table. 


If the Line A B had been N. W. 35 Degrees 15 Minutes, or one quarter of a De- 
gree, the Natural Sine thereof is 605294; which being multiplied by the Length of 
the Line 3520, produceth 21.30634880, which is 21 Chains 3o Links, and a liectle 
more than half, tor the Weſt Column. Then to find the Number for the North Co- 
lumn, ſubtract 37 Degrees 15 Minutes from go Degrees, and the Remainder is 
52.45 : Then look the Natural Sine thereof, which is 9960, (the four firſt Places 
thereot :) then multiply 7960 by 3520, and the Product will be 28.019200, which 
is 28 Chains and almoſt 2 Links tor the North Column, And by this you ſee how 
tar che Line goeth North, and how far Weſt. But by reaſon all Perſons may not be 
furniſhed with a Canon of Natural Sines, it may be as well done by two Additions 
in the Sincs and Logarithms in the Third Book, where you may be furniſhed with 
every 1o Minute, and the Logarithms to 1000, which will very well ſerye for ſhort 
Lines, or {mall Inclofures ; but the Line in the laſt Example is fitter to be done by a 
larger Canon, as in the next Example. X 


Example III. How to perform the Work of the foregoing Example by 
the Tables of Artificial Sines and Logarithms, 


Firſt, cake out the Sine and Coine of the obſerved Angle, and fet them down as 
followeth. 


Sine 37 Degrees 15 Minutes, 9,7819664. Co-ſlinz, 9,9009142. 
Logaricthm of 35. 20. 1,5465426. Log. 1,5465426. 
Number 21. 31. 1,32850g0. 28.02. 1,4474568. 


Having thus ſet down the Sine and Co-ſine, then look the Logarithm of 35 Chains 
and 20 Links, and fet it down under the Sine and Co-tine, and add the Logaricthm 
to the Sine and Co-fine ; Then look into the Tables of Logarichms for the neareſt 
I ogarithm that you can find co theſe Numbers, and the Numbers anſwering to thoſe 
Logarithms is the Number in Chains and Links 3 for the North Column is 28. 02, 
and the Number for the Weſt Column is 21. 3x. And fo you may readily tind how 

| far 
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"y any Line goeth North or South, Eaſt or Weſt, by Addition only, as you ſee by 
chis Example. 


Example IV. How to find the Horizontal Line of a Hill by this 
Decimal Table. 


Let the pricked Lines A HandBHinF igure VII. repreſent ſome Hill whoſe Al- Fig. VII. 

titude is 37 Degrees, and the Length of the Line A H be 28 Chains, and the Angle 
AB Hs; Degrees, and the Line B H 21 Chains 36 Links: Then by the foregoing 
Decimal Table tind the Linz A O by the Complement of the Angle at A, wiz. 53 
Degrees, and anſwering roche Line A H, 28 Chains. Firſt, againſt 53, and p 
under 20, I find 1597; and againlt 53, and under 80, which I tak for 8, 1597 
I find 6372: Place them as you lee in che Margin, and add them toge- 6372 
" ther, and they will ſtand thus : So part of the Horizontal Line of the — 
Hill, from A to O, is 22 Chains and 34 Links ; che other part will be as 22.3.4.2 
eaſily found by the Complemenr at B, which is 357 Degrees, and the length 
of the Line B H, 21 Chains and 36 Links. | 

Firſt, find 375 Degrees in the liccle Column on the Left-hand Page, and under 20 

at Hcad you may find 1204; and in che fame Line, under 10, which I make uſe 
of for 1, you may find 0602 ; and in the ſame Line, under 3o, may be found 180g; 
and farther in the fame Line, under 60, which is uſed for 6, may be found 3611 ; 
which you mult place all in order, one place farther cowards the Right- | 
hand, each Number as they ſtand in order in the Margin ; then add them 1204 
cogecher, and their Summ will be, as you ſee, 12 Chains and almoſt 66 o602 
Links; and to this part add the former, which'you found for A O, and ISog 
their Summ will be 35 Chains and 2o Links, which is the wholz Baſe- 3611 
line of the ſuppoſed Hill, or the ecrue Length of che Line A B, as it was ——— 
firſt meaſured. And by the ſame way of working, che Horizontal Lines 12.8561 
of any Hill that can be meaſured over, although you have 10 or 29 22.342 
Stations in going up, and as many in coming down, yet by this Table 
all che Horizonral Lines may be found by Addition, and the whole 35.30061 
Length of the Baſe gained by many, as well as this of two Stations : 
The Line that goech over the Hill ſuppoſed, is 49 Chains and 36 Links, and the Ho- 
rizontal or Baſe-line thereof is but 35 Chains and 20 Links. I hope you may as well 
underſtand, by the ſuppoſing of theſe Lines to be a Hill, as if they had been a Real 


Hill. | ON: 
Example V. How by this Table you may find the Perpendicular Line of any 


ill that you can meaſure up or over, as is ſuppoſed in Figure VIl. 
before treated of, marked with H O. 


For the finding the Perpendicular Height of any Hill, the Altirude being taken, 
and the Line to the rop meaſured, as in the former Figure, the Angle at A being 37, 
and the Line A H 28 Chains ; Firſt, againlt 39 Degrees, and 1:nder 20, may ; 
be tound 1204; and under $o, in ſtead of 8, in the tame Line is 4814; 1204 
which being placed as in the Margin, will ſtand chus ;- and being added to- 4514 
gether, will make 16 Chains 55 Links and almoſt a half; and fo much is —— 
the Perpendicular Line O H, which is the Height of the ſuppoſed Hill. 16.854 
And atcer the ſame manner che Perpendicular Height of any Hill may be 
obtained. 


I Thought here to have concluded with Surveying ; but foraſmuch as there is an 
Ancient Inſtrument, called the Plain Table, much uſed by ſome, whoſe Plainneſs 
makes it ſo common, (but he that uſes it, ſhall tind it very tedious, and not at all 
times fit to be uſed,) 1 ſhall exemplitie the Uſe thereof in one Example, according to 
the Mcthod uſed by my very loving Friend Mr. Vincent Wing, an able Aſtronomer 
and Surveyor, and the greatelt Lover of this Inſtrument I ever mer with; and there- 
fore I ſhall here inſert an Example of his own. 


CHAP. 
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CHAP. My. 
How to take the Plot of a Field by meaſuring from one 


Angle to another, round about the ſame. 


Uppole this Irregular Figure AB CDEFGHIKL S to repreſent a Field, into 
Sg which when I firſt enter, I cauſe Whires co be ſet up in every Corner of the 


ſame; which done, I make choice of the moſt convenient Angles thereot tor my 


Stations, not regarding their number, whether I make three, tour, five, or ſix Statt- 
ons, yet the fewer the better : but you muſt always rake fo many, as you. may clear- 


ly ſce from one Station to another. Thus in the former Figure I make choice of 
my tirſt Station at X, as a Place moſt fic tor my purpoſe, in regard that trom thence | 


I can ſee the Point S ; and therefore I fend one with a Beacon to >, fo as when I go 
on in the Line X'S, I may take a Tangent ar B: Then planting my Table ac X, I 
dire&t my dex to D, and ftrike the Line X D,. which I meafure, finding ic 5* 307; 
and this I ſer down from X to D, and ſo make a Prick at D. This done, I direct 
the Index ro S, and ſtrike the Line X S; then I meaſure on in the faid Stationary 
Linc, cill | come to Z,, 47?” 30! from X, where laying my dex upon the Line SZ X, 
I direct the Sights ro X, and there fix the Table with the Screw-pin. Then turning 
the Index upon the Point Z, ill through the Sights I eſpie the White at C, I ſtrike the 
Line Z C, and finding the Diſtance 13* 5o, [ ſer it down from Z to C, where I 
make a Poine, and draw the Line D C. Then I go on with my former Mealure, 
eill I come to B 68” 40, and there I make a Point, and draw the Line CB; which 
done, I go on carefully with my former Meaſure, till I come to the place of my fe- 
cond Station at S, finding the Stationary Diſtance X S 95 * 10, which from my Scale 
I apply from X to S, where I make for my ſecond Station ſuch a Mark as this, (©). 
Then planting my Table there, I dire&t my Sights ro As and L, and I find SA 
13*o, S49%*o, and S L 3* o, which ſer down 1everally upon their reſpeRive Lines, 
] have the Points A, £,and L, upon the Paper. Then drawing the Lines A B, A 4, and 
f [, we have one Side of the Field deſcribed. 

Secondly, | plant my Table ac S, and laying the Fiducial Line of ithe Index upon 
the Line S X, I move the Table, -cill chrough the Sights I eſpie the Point X 3 then 
fixing my Table, I turn my Index about upon the Point 5, ill through the Sights 
{:e the Beacon at P, and by the Edge of the Index I draw the Line SP ; which 
done, I proceed, and meaſure on the Stationary Diſtance ; bur as F goon, and- am 
come to T, 35* trom my ſecond Station, I oblerve I am in a 'manner againſt the 
Angle K ; wheretore I plane my "table there, and direct the Sights to K. Then 1 
meaſure the Diſtance, finding it 5* 50, which I fer down from T to K, and draw 
the Linc LK 3 which done, 1 continue.my former Meaſure S T to P, and finding 
it 52* o, I ſetit down fromS to P, where again I make ſuch a Mark (©). 

Thirdly, I planc my Table there, *and laying my Index upon the Line@aPSR, 1 
turn the Table about, till chrough che Sights I fee the Place of my ſecond Seation Si: 
Lhen {che Table being there fixed) I direct the Sights of my Index from P to I , and 
finding it (by the Chain) to contain 4 60, I fet it down from P to 1; which done 
I deſcribe the Line K I with the Point of my Black-lead Pencil, as before. Atter- 


wards, from P, I dire& the Sights co my next Station at G, and draw the occulc 


Line PG: Then I meafure on with my Chain from Þ cowards G, and when I come 
toN 37* 10, (where I make a Prick with the Point of my Compaſſes,) I perceive [ 
am almoſt againſt che Angle H ; then laying my ÞÞdex upon the Line PG, I tur 
the Table, till 1 eſpie G with the Fore-fight, and P with the Back-tight, ( by which 
you may know whether you be exactly in the Line or no:) Which done, fix your 
Table, and dire your Sights trom N to H, pricking down the Piftance 7 5 40, and 
ſo with your Pencil deſcribe the Line I H: And atter this is done, continue on your 
former Mcaſure begun from P, cill you come to G, (your next Station,) which you 
ſhall find co be 55” o, which ſer down to G, and mark it again thus, (©). / 
Laitly, Ar G plant your Table, and lay the Þmdex exactly upon the Line YGPyV : 
Then turn the Table gently, (tor fear of ſhaking the ndex off of the Linc ) ll 
through the Sights you eſpie the Beacon at Þ ; which done, fix your Table, and re- 
move the Index, clireQing the Sights from G co the place of your firſt Station atNX, 


where 


On 
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where you began ; and if it cut the Mark, it is very probable that your Plot is exact. 
Then I meaſure on towards X, and when T have gone to O, 18? 60 trom G, I de- 
{:ribe the Angle F, drawing the Line GF; and meaſuring till on, I find the Tan- 
gent Point E, 39? trom G, which I note with the Point of my Compals, drawing 
the Lines FE and E D; which done, | continue on my former Meaſure in the Line 
GX, finding it to be exactly 65? 9o : Then, becauſe the ſame Extent taken from the 
Scale fals upon the Plot preciſely in che Point X where I firſt began, it is an infallible 
Sign chat the Plor of che F:cld is exactly raken. 


CHAP. 


The Plot of a Field being taken by any of the foremen- 
tioned Ways, to find the Content thereof in Acres, 
Roods, and Perches. 


N the Treatiſe of the Menſuration of Geometrical Figures, there is taught how 
co meaſure all forts of Plain Figures, both Regular and Irregular ; ſo that to fay 
any thing of chat in this place, were ſuperfluous: Yet (becauſe Land is meaſured 
by a Chain particularly deſigned for Land-meaſure, fuch an one as is deſcribed be- 
fore, in the Fourth Paragraph of the- VI. Settton of Chap. I. of Longimerria,) I will 
give you One Example-thereof. 


I. How to Multiply Chains and Links by Chains and Links. 


Multiply the Numbers one-by another, as is largely taught in Decimal Arithmetick ; 
bur in chis, although you make a Point or Prick to ſeparate the whole Chains from 
the Links, yet you are not to cut off juſt ſo many Figures of your Produd as there 
are Figures behind the Points in the Multiplicand and Mulciplier, which for the moſt 
part will bs four Figures, but (always) five Figures muſt be cur off from the Produt ; 
and if there be not ſo many Figures as five in the Produ#, you muſt then make them 


up five, by adding Cyphers before them. I will here give you Examples in all Caſes 


ready wrought, which will give more Light to the Thing intended, than many 
Words. | 


Ch. Lin. 
Example TI. Multiply 27 Chains 53 Links 27. 53 
by S Chains 25 Links. 8.25 
- 13765 
5506 
| 22024 
Here the Produdt is 22 Acres and .71225 parts 
of an Acre. | 22.J1225 
Ch. Lin. 
Example 2. Multiply 12 Chains 9 Links I2. 09 
by 7 Chains 15 Links. 7.15 
6045 
1209 
| $463 
Here the Produdt is 8 Acres and .64435 parts ———_— 
of an Acre. 8.64435 
Ch. Lin. 
Example 3, Multiply 23 Chains 80 Links 23. 80 
by 4 Chains. 4. 00 
' Here the Product is 9 Acres and .52000 parts 
of an Acre. | 9. 5 2000 
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Ch. Lin. 


Example 4. Mulciply 1 Chain 25 Links I YOY 
by o Chains 15 Links. _ : 0.15 


625 


125 


Here the Product is .0187 parts of an Acre. .o1875 


Ch. Lin. 
Example 5. Multiply 257 Links | ©. 27 
, by 8 Links. ©, OS 
Here the Produd is .00216 parts of an Acre. 00216 


Theſe are all the varieties that can at any time happen ; and (always) the Figure 
or Figures to the Left-hand are whole Acres, and the Figures to the Right-hand of 
the Point are 53:72: parts of an Acre, which muſt be reduced into Roods and 


Perches, as followeth. 
IT. How to reduce the Fraition Parts of an Acre into Roods and Perches. 


You are to underſtand, that in an Acre there are 160 Square Perches, each Perch 
containing 16.5 Foot in length ; fo that in one Square Perch there are 252.25 
Square Feet, and fo in an Acre 43560 Square Feet : Alſo in one Rood is contained 
40 Perches ; ſo that a Rood contains 1e59go Square Feet. And now to reduce the 
Decimal Fraction Parts of an Acre into Roods and Perches, this is the 


RULE. 


Multiply the Fration Part (always) by 40, and from that Produ# cut off 
( always ) five Figures ;, the Figures to the Left-hand of the Point are 
Whole Roods, and the five Figures to the Right-hand are Decimal Parts 
7 a Rood; which multiply by 40, and from the Produ& cut off five 

igures , ſo ſhall the Figures to the Left-hand be Whole Perches, and the 
Figures to the Right-hand Parts of a Perch. 


Example. In the firſt Example beforegoing , which was Ch. Lin. 
27 Chains 53 Links, multiplied by 5 Chains 25 Links, the Pro- - 27.53 
duct whereot was 22.71225, which is 22 Acres .51225 Parts, | " 25 
which multiplied by 4, the Produc will be 2.84900, that is, — 
2 Rood and .54900 Parts of a Rood, which multiplied by - 13765 
40, the Product will be 33.96000, that is, 33 Perches and 5506 
.96000 parts of a Perch z which may well be called 34 Perches, 22024. 
becauſe .960000 is very near 1.00000: And ſo may you — 
always doe, when the firſt Figure of the Fraction remaining Acres 22.71225 
is either 7, 8, or 9. And thus if this were a Piece of Land 4 
lying in a long Square, and being 275 Chains 53 Links in ks 

_ Length, and.s Chains 25 Links in breadth, the Content there- Roods i2.84900 
of will be 22 Acres, 2 Roods, and 34 Perches, as is evident 409 
by the Work. pn 


Perches 33.96000 


II. The Plot of any Piece of Land being taken, according to any of the 
ways before preſcribed, to find the Content thereof in Acres, Roods, and 


erches. 


Suppoſe the Irregular Plot ABCDEFGto be a Field Surveyed and Plotred 
by ſome of the former Directions, and the Content thereof were required : You 
mult firſt by the Doftrine of the Adznſuration of Geometrical Figures, reduce 

| the 
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the Irregular Piot into Trapezias and Triangles, as is there taught ; 1o ſhall chis Plor, 
conliſting of ſeven Sides, be reduced into tWO Trapezias and on2 Triangle, viz. 
(1.) The Triangle A G PF, noted with KR. 
2.) The Trapezia ABE EF, noted with L. 
(3) The Trarezia BCD E, noted with M. 
Fe Lengths of the ſeveral Bates and Perpendiculars whereof, let be ſuch as the 
Numizrs fet to them do concain in Chains and Links. Then ſhall, 
(1.) Half the Bale, AF, of thy Triangle AG F, w:z.,24 Chains 46 
Links, multiplied by 19 Chains 65 Links, the Perpendicular G H,p> 26.04990 
produce for the Content of the Triangle K —— — 
(2.) Halt the Common Baſe ot the Trapezia ABEF, wiz. BF, 28 
Chains 03 Links, multiplied by 4o Chains 92 Links, the Summ of 
the two Perp2ndiculars A N and E O, produce for the Content of 
the Trapezua 1, pen —_ — — ——_ 
(3.) Hait the Common Baſe, CE, of the Trapezia ABEF, 25 
Chains, multiplied by 32 Chains 5o Links, the Summ of the ewo 


Perpendiculars B P and D Q, produce for the Content "i 1.25000 
Trape%ia Me | ow - 


BL — > > _ C— 


14.69876 


= 


Which 221.99766 being reduced by the Directions of the two foregoing SeRions, 
will be 221 Acres, 3 Roods, 39 Perches, and .62560 parts of a Perch, which may 
well be called 222 Acres, it wanting but the ,373%; part of a Perch thereof. 


IV. A Better and more ExaF Way of Caſting up of any large Irregular 
Ground, being Plotted, than the foregoing Way of Reducing the Plot in- 
zo Triangles. 


In going about your Field, and making Obſervation at every material Angle 
thereof, you meaſure your Station-Line from one Station to another, and as you 
paſs by any ſmall Bow or Bending in the Hedge, you, (1.) Note againſt what 
Number of Chains and Links ſuch a Bow or Bend is, and ſet that Number down in 
your Field-Book. (2.) You meaſure from your Chain up to that Bow or Bending, 
and note that Diſtance down in your Field-Book, in a Column by the fide of the 
other Column, on the Right-hand, if your Hedge be on your Right-hand; or on the 
Left, if it be on the Left-hand. Then when you come to Plor your Field, you firſt 
lay dow: the Lines you meaſured in the Field, which will bring the greateſt pare of 
th: Body of the Field into a large Parallelogram, or a Four, Five, or Six-fided Figure, 
conſiſting all of Right-lines, they being che fame that you meaſured with your 
Chain ; and this large Right-lined Figure muſt be caſt up by the Rules laſt delivered, 
by dividing it into Triangles or Trapezias © But for the Caſting up of the other Parts, 
which lie berween the Chain-lines and the Hedges, it you reduce them into Trian- 
gles, they will be a great many in number, and being Lines not meaſured by your 
Chain, in taking the Baſes and Perpendiculars with your Compaſles, you ſhall very 
much miſtake, both in laying chem down firſt, and in taking them off atterwards, 
eſpecially if the Scale you protract or lay down by be very ſmall, where 1o or 12 
Links of a Chain, (which is halt a Rod,) is barely to be eſtimated, though your 
Scale be well divided, and the Points of your Compaſles very ſmall. For the re- 
medying of this Inconvenience, I ſhall here ſhew you a Way, (not commonly uſed 
by Mercenary Surveyors,) whereby you ſhall caſt up the Quantities of thoſe Out- 
lets without reducing of them into Triangles, (and fo taking the Baſes of them wich 
your Compaſles, )but by the Lines you really meaſtired wich your Chain, and then, let 
the Scale you Plot by be great or ſmall, you ſhall have the crue Quantity of thoſe 
Our-lets as exact as any other part of the Field. An Example will make plain what 
I have here delivered. | 

Suppoſe that you have meaſured in the inſide of a Fic, by a Hedge lying on 
your Lett-hand, a Chain-line containing 8 Chains 12 Links, which Line let be A B, 
and the Hedge is diſtant towards my Lett-hand, from A, 25 Links of my Chain, 
which I note down in my Field-Book ; and as I meaſure from A towards B, at 
1 Chain 20 Links, I find a Bow in the Hedge, trom which I meature with my 
Chain, and find the Diſtance thereof trom my Chain to be o Chains 90 Links, 
which I ſet down, and going on forwarder, till I have meaſured 2 Chains 3o Links 

DUddd 2 cowards 


221.99766 


Fig. X. 
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cowards B, 1 meet with another Bow in the Hedge, which is diſtant from my 


Chain, 1 Chain o5 Links, this I note down in my Fleld-Book alſo, and fo all my 


other Lengths and Diſtances, as I find them in my paſlage trom A to B: and when 
I come to B, my Obſervations as I made by the way, will be as in this Table 3 by 
which I Protract my Line A B ( and conſequently my Hedge ) as followeth. 


Ch. Lin.|Ch. Lin.\Ch. Lin. 
. Station 
© 25 A: 
© goſl 10 
I ©5[2 3O 
O 70[3 25 
I 5ol5 30 
O 7517 45 
'F | O 2518 I2 


V. To Protrad this Obſervation. 


Firſt, Out of any Scale, take 8 Chains 12 Links, and lay that diſtance down from 
A to B. 
Secondly, Take 1 5 Links out of your Scale, and ſet it from A to C. 
Thirdly, Take 1 Chain 20 Links, and ſet them from A to b; and from thence ſet 
.90 Links to D. | 
 Fourthly, Take 2 Chains 3o Links, and ſet them from A to c; and from thence 
ſet 1 Chain o5 Links to E. 
Fifthly, Take 3 Chains 25 Links and ſet them from A to 4; and from thence ſer 
70 Links to F. | 
Sixtbly, Take 5 Chains 3o Links, and ſet them from Atoo; and from thence ſer 
x Chain 50 Links to G. ; 
Seventbly, Take 5 Chains 45 Links, and ſet them from A to f; and from thence 
{et .75 Links co H. - 
Laſtly, From B, at the end of 8 Chains 12 Links, fet 25 Links from B to K. 
Then draw the Line CDEFGH K, which ſhall repreſent the Hedge: This 


done, the next work will be, 


VI. To find the true Area or Superficial Content of this irregular Figure 
ACDEFGHKB, zr Acres, Roods, and Perches. 


1. The Perpendicular A C is 25 Links, and the Perpendicular b D is .90 Links; 
which added together make 1 Chain .15 Links: the half whereof is 57 Links, which 
multiplied by 1 Chain 20 Links, the Produd is .06840, for the Content of the Tre 

a L. | | | 
g 4 The Perpendicular 6 D is .9o Links, and the Perpendicular. c E is x Chain 
oF Links z which added together make 1 Chain 95 Links; the half whereof is 
.97 Links : Then ſubtrat 1 Chain 26 Links from 2 Chains 30 Links, the remainder 
will be 1 Chain po Links; which multiplied by-97 Links, the Product will be.10670 
for the Concent of the Trapezia M. 


- 3. The Perpendicular c E js 1 Chain os Links, and the Perpendicular dE 


50 Links, which added together make 1 Chain 755 Links: the half whereof is .87 
Links: Then ſubtract b c 2 Chains 3o Links from cd 2 Chains 25 Links, the re- 
mainder will be .95 Links; which multiplied by .89 Links, the Produd is .08265, 
tor the Content of the Trapezia N. 

4. The Perpendicular 4F is 7o Links, and the Perpendicular e G is 1 Chain 
50 Links, which added, make 2 Chains 20 Links; whoſe halt is z Chain 10 Links: 
Then ſubtra&t c 4 3 Chains 25 Links from 5 Chains 3o Links, the remainder is 
2 Chains o5 Links; and that multiplied by 1 Chain 10 Links produceth .22550, 
for the Content of the Trapezia O. 
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5. The Perpendicular e G is r Chain Fo Links, and the Perpendicular f H is 
.75 Links; cheic furum is 2 Chains 25 Links, and the half 1 Chain 12 Links: Then 
ſubrrat F Chains 39 Links from 7 Chains 45 — the remainder is 2 Chains 
15 Links ; which multiplied by 1 Chain 12 Links, the Produc .24080, is the Con- 
cent of the Trapezia Þ. 

6. The Perpendicular f H 1s .75 Links, arid the Perpendicular BK L— .06840 
is 25 Links, their Summ is 1 Chain; the half whereof is 50 Links. M— .10670 
Subtract 7 Chains 45 Links trom 5 Chains 12 Links, there re- N— 08265 
mains .679 Links; which multiplied by .5o Links, the Produt is O—.22550 
.03350, for the Content of the Trapezia Q. 7 ; P —,24080 

Add all cheſs Products together, as here done, and the Summ of Q— .03350 


them is .75755-. which reduced, is o Acres, 3 Rood, and 1 Perch; — 
and fo much is contained in the irregular Piece ACDE FGHK B. 75755 


And this way of Caſting up theſe irregular Off ſets is the moſt exa& of any 
other. A. 
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DOCTRINE 


RIGHT-LINED TRIANGLES, 
Applied to 


PRACTICE 
— Military Architect, 


FORTIFICATION. 


PART If. 


CHAS. L 


Of a Fort, or Fortification ; and of ſeveral Axioms 
to be obſerved therein. 


Ir/#, A Fort is made to the intent that a few Men might be able to defend 

| themſelves, and the Place, againſt a greater Number. -(2.) Therefore the 
Place is environed with a Rampire or Wall, and a Ditch, of ſufficient 
height, breadth, and depth, to impeach-the Aſſaults of an Enemy. (3. And 
becauſe the Sides thus incloſing a Fort are not of themſelves ſufficient, they have 
therefore Flanks to detend them ; which Flanks are alſo themſelves Flanked by the 
Curtains or Sides. (4) And for the better defence of each Curtain, it is requiſite 
that every Side of .a Fort ſhould have ewo Flanks; and if the Curtain be very long, 
it may have four, ſix, or more. ,(5..) And fo there will be ewo Flanks placed near to- 
gether, the one ſcowring the Side rowards the Right hand,and the other cowards the 
Left, either Flank ſtanding Perpendicular to the Curtain that they Flank. (6.) And 
ſeeing the Curtains and Fronts of a Fort are eſpecially defended, therefore the 
greater the Flanks and the Gorge between them are, the better they are. (7.) And 
fora{much as the Front of a Bulwark needs the moſt detence,it ought ſo to be drawn, 
that it may be defended by Shot from as great a part of the Curtain as may be, 
which part of the Curtain is called the Second Flank. (Ss ) The outward Flanking 
Angle ought never to exceed 150 Degrees ; for, by how much the leſſer, ſo much the 
berter ic is: Neither ſhould che Outward or Diamond-point of a Bulwark be greater 
than 90 Degrees, nor leſſer than 60 Degrees. (9) And as the inward Flanking An- 
gle, and the Angle of the Shoulder of the Bulwark, increaſe and decreaſe together, 
one exceeding the other 90 Degrees ; therefore, as the inward Flanking Angle ſhould 
never be lefs than 15 Degrees, fo the Angle of the Shoulder ſhould never bc lets 
than 


NE IEIIE 
ow HA 


Part III. FOR TIFICATION. 


587 


than 105 Degrees. (10.) The longeſt Line of Defence drawn from the Angle of 
the Flank to the outward Angle of the Bulwark, ſhould never exceed 729 Foot, for 
that it ought not to be without Musket-ſhot. (11.) A Regular Fort is fuch a Fort as 
conſiſts of Equal Sides and Angles: And, (12.) Such a Fort doth encloſe a greater 
quantity of Ground, and the Force is in all. Parts alike ; therefore a Regular Fort, 
(if the Ground or Place will admit, is better than an Irregular of the like number 
of Sides and Angles. (13.) And by what hath been already ſaid, in the Eighth be- 
fore-going, it is evident, that a Fort of Three Sides and Angles is of no moment, nor 
one of Four of any great value; but the more Sides and Angles a Fort hath, the 
better and ſtronger it is. Wherefore, (14.) It the Fixed Line of Defence be 520 
Foot, or (as in the Tables following) 72.00 Rod, then may the Curtain be about 
42 Rod, the Front of the Bulwark about 25 Rod, and che Flank co the Gorge as 
6 is to 7, and the Angle forming the Flank about 40 Degrees. 


CHA P. © 


Explaining the Terms of Art uſed in Fortificatoin, eſpe- 
| cially of the Parts or Members of 2 Forr. 


I. Fort is a Piece of Ground environed with a Rampire or Wall, and a Ditch, 


to impeach the Affaults of an Enemy. 
FI. A Fortreſs is a ſmall Fort, Caftle, or Sconce. ; 
ITE. A Rampire is a Wall of Earth enclofing the Place Fortified, the Foot or Founda- 
tion whereof is (in the Figure below) noted with @ 4. | 
IV. A Curtain, O N. 
V. A Bulwark, N FGHE. 
VI. The Front of a Bulwark, F G, or K L | 
VIE. AFlank,NF, or OL 
VIIL "The Gorge 6t a Bulwark, or the Space between two Flanks, as N E. 
IX. The Gorge-LingiN C. | 
X, The Heed-Line, C G. ; 
Xl. The Shoulder, F or L: . ; | 
XII, The Diamond-Poim of the Bulwark 3 or ſometimes, che Flanked Angle of the 
Bulwark. | | | 
XIII. The Second Flank, O ;. 
XIV. The Fixing-Fixtd, or Longeſt Line of Defence, O G. 
XV. The Shorreſ# Line of Defence, i G. * 
XVI. The Inward Flanking Angle, E i N. 
XVII. The Ourward Flanking Angle, K P G. 
XVIII. The Fauſſe-bray, the Breadth whereof is noted with B C, 
XIX. The Dztch, the Breadth whereof is noted with 4d e. 
XX. The Covert-way, the Breadth whereof is noted with e f. 
XXI. A Caſemate. = | 
XXII. The Parapet, viz. of the Rampire, Fauſſe-bray, and' Covert-way. 
XXIIL The Walk on che Rampire. 
XXIV. The Scarpe inward and outward, wiz. of th2 Rampire, Parapets, and Ditch. 
XXV. Palizadaes. 
XXVI. A Bank or F.ot-pace. 
XXVII. The Brim of the Ditch. 
XXVIII. The Comnterſcarpe. 
XXIX. A Ravel. 
XXX. An Half- Moon. 
XXXI. An Horn-work. 
XXXIL A Trench. | 
XX XIII. Gabions. , 
XXXIV. A Breach. 
XXXV. A Mane. 


XXXVI. A Counter-mine. | 
There 


Fig. I. 
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There are other Terms uſed in this Art, which will be better underſtood when 
there ſhall be occafion to make uſe of them. | 

Having hirherco delivered ſeveral Defririons and Axioms neceflary to be known, I 

ſhall now come to apply the Doctrine of Right-lined Plain Triangles to Practice in 


this Art. 


CHAP. II. 


To find the Quantity of the Angles in all Parts of a 
Fort, of any number of Sides propoſed. 


Y the Thirteenth Axiom before-going, a Fort is to conlfiſt at leaſt of Four Sides ; 
B and by the Eighth Axiom, the Flanked Angle of a Bulwark ought to be (at the 
leaſt) 60 Degrees; therefore in a Regular Fort of Four Sides, the Flanked Angle 
of each Bulwark ought to be 60 Degrees ; and therefore (by the Ninth Axiom) the 
Outward Flanking Angle (exceeding the Inward Flanking Angle by 9o Degrees) 
muſt needs be 150 Degrees. 

In. this Figure let B C be one Side of a Square, fortified with four Bulwarks, one 
of which lee b N FGHT : And ſeeing the Flanked Angle of this Bulwark FG H 
is 60 Degrees, therefore the Half chereor, F G C, is 3o Degrees; and I G C, (being 
equal to D CA, namely, half the Angle of the Angle of the Tetragon or Square,) 
45 Degrees, therefore S G F is 15 Degrees, and the Complement thereof, SF G, 
75 Degrees, whereto is equal the Angle I M G, which is the halt of K M G : There- 
tore the Outward Flanking Angle K M G is 150 Degrees, which was to be proved. 

- And thus ſeeing that in a Quadrangular Fort, the Flanked Angle is 60 Degrees, and 
the Outward Flanked Angle 150 Degrees, what theſe Angles will be in other Forts, 
conſiſting of more Sides than Four, we may find by help of cheſe in manner follow- 
ing; for which this is the 

RULE. 


_ SubtraT the Angle of the Square, go Degrees, from the Angle of the Polygon 
propoſed ; half the Remainder add to the Flanked Angle [4 the Square, 
(viz. 60 Degrees 3) ſo have you the Flanked Angle of the Polygon pro- 
poſed. 
the Square, (viz. 150 Degrees,) and the Remainder is the Flanking Ang 
of the Polygon propoſed. Fe) = 


Example I. Of a Pentagon. Depr. 
| The Angle at the Perimerre of the Pentagon is - 108 
The Angle of the Square, Subtract 9go 
The Remainder | | 18 
The Half whereof is 9 
To which add the Flanked Angle of the Square 60 
Gives the Flanked Angle of the Pentagon 69 
From the Flanked Angle of the Square 150 
Subtract the aforeſaid Half-remainder | Gs) 
There remains the Flanked Angle of the Pentagon 141 
| Example Il. Of a Hexagon. ' Depr. 
From the Angle of the Hexagon, being 129 
Subtract the Angle of the Square 90 
And there remains | 30 
The Half whereof 15 
Added to the Flanked Angle of the Square 60 
Gives the Flanked Angle of the Hexagon 75 
And from the Flanked Angle of the Square 150 
Subtract the foreſaid Half-remainder I5 
There remains the Flanked Angle of the Hexagon _ 135 


| And procceding in this manner, you ſhall tind, that the Flanked. Angle will not be 
99 Degrees, till you come to a Forc of 'T'welye Sides. And, Now 


Alſo, Subtra# the Half-remainder from the Flanking Angle of | 


- - AA 
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Now the Flanked Angle of a Bulwark being given, you may thereby come to the 
knowledge of all the other Angles requiſite to be known. 
In the Figure, let B C be the fide of a Pentagon, whoſe An- D. M. Fig. I. 
gle at the Centre is . BAC[ -9523 06 
The half whereof 1s | CAD] 36 oo 
The Complement thereof to 9o Degrecs is DCA} 54 oo 
Now, admit the Angle at the Bulwark FGH|] 69 oo 
The half chereof FGC|] 34 3o 
Subtracted from S G C, equal to | DCA] $54 oo 
Remains the inward Flanked Angle SGF| 19 30 * 
Equal to F ÞP N, the Complement of either SF G| 750 3o 
Subtracted from two Right Angles io oo 
Leaves the Angle of the Shaulder NFG | 199 39 
Again, The {ame Angle S F G, or I MG| 70 33 
Doubled, gives the outer Flanked Angle. KMG | 141 oo 
Laftly, From ewo Right Angles 150 og 
Subtract half che Angle of the Polygon BCA}| 54 oo 
There remains the Angle DCG | 126 oo 


And thus, from any Flanked Angle propoſed, you may find the Quantities of 
every of the other Angles. | | 
Bur for any Polygon propoſed, you may more compendiouſly fet down the Angles 
of the Bulwark, and all che other Angles after the form of this Example following : 
remembring, that if the Polygon have more than 12 Sides, you make the Angle at the 


Bulwark a Right-Angle. 


, For the Angle forming the Flank, namely, the Angle F CN, it may be always 
about 4o Degrees. And according to this Rule is the following Table made. 


| D. M. 
To half the Angle of the. Po/ygon BCA[ 54 oo 
Add always 15 oo 
The Summ is the Flanked Angle FGHj 69. oo 
The half whereof FGC | 24 30 
Subtract from half the Angle of the Polygon BCA | 54 00 
There remains the inward Flanking - Angle SGF| 19 30 
Whoſe Complement is | + SFG| 7o 3o 
Which ſubtracted from ewo Right Angles 180 oo 
Leaves the Angle of the Shoulder GEFN {| 109 3o 
And the fame Complement S F G, or I MG | "0 30 
Doubled, is the outward Flanking Angle KMG | 141 oo 


a Right Angle. 


14 TABLE of the Dimenſions of the Angles obſerved in in Fortifying any regular Polygon, 
| from the Square, to a Figure of XII. Sides: increaſing, ſo that the Flanked Angle thereof « 


The Number of the Sides of the | 


vin] 1x. | X. | xt [x11 


POLTGONS. HO, © | VI. | VII. 
deg. m./deg. m.'deg. m- deg. m.|deg. m:{deg. m.deg. m. deg. m deg. m. 
[angle at the Centre BAC| go o 72. ©| 60 0! 51 17] 45 ©} go 0 35 0, 32 43] 39 © 
Angle of the Polygon | BCE! 99 ojic8 o1iao 0128 4gojl3s ofigo o144 0 147 22150 o| 
Halt the Angle of the Polygon BCA] 45 of 54 © 60 of 64 19] 67 30] 7- 072 ©, 73 37] 75. © 
To which (always) add 1s of 15s, © 1s of Ig 0] 45 of Is of is of Ig of 15 © 
The Flaoked Angle FGH $2 c| 69 ©, 75 ©] 79 19| 82 30! 8s of879 of 88 23& co © 
Half the Flanked Angle FGC 30 of 34 30 37 39; 39 38| 41 is 42 30 43 30] 44 19] 45 © 
Inward Flavking Ang. FPN,or SGF, 15 of 19 30. 22 39, 24 38| 26 15' 27 30! 28 30] 29 15} 30 © 
Which added roa Right Angle | 99 e| 50 © go 0 go ol go © ge © 90 © Yo of go © 
Angle of the Shoulder NF Gios ofiog goll2 30114 381116 15119 30118 3o|i1g 37|izo © 
Angle oppoſite ro the Head Li. GFC 55 of 59 30. 62 20) 64 38] 66 Is 67 30 68 3o| 69 43} 70 © 
Angle oppoſite to the Front F CG $95 of 85 © 80 0| 75 43, 72 30, go 0. 68 of 65 21 65 © 
| Complement of SG F, viz. SEG 755 ol 7c 39. 67 3©] 65 42] 63 45 62 zo 61 3o| 60 44þ 6v of 
Our ward Flanking Angle KMG159 ofigt e135 ©j130 42/127 30Ilas olzz ojili 2i}t20 © 
Angle fronting the Flank KCN 40 ol 4o o 4o & 40 ©. 40 © 40 o 40 ol 49 cl qo ol 
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But if you would have the Flanked Angle of the Bulwark fo to increaſe that for 
an Ofagon it may be a Right Angle, then make the Flanked Angle rwo Third 
parts of the Angle of the Polygon propoſed ; as is done in the Table tollowing : Buc 
for any Polygcn of above Eight Sides, let the Flanked Angle be a Right Angle. 


— 
D — 


A TABLE of the Dimenſions of the Angles obſerved in Fortifying any 
regular Polygon, from the Square to a Figure of VIII. Sides, ſo increa- 
ſing, that the Flanked Angle of the Octagon js a Right Argle. 


—— O—m— _— = _— _ - — wA— | uI— — 


umber of the Sides of the | 
4 POLYGONS. | IV. | V VI. | VIE. | VIE. 

deg m {deg- m.deg. m.|deg. m.jdeg. m. 

The Angle at the Centrs BAC| 90 of 72 ©o| 60 of 51 26| 45 oo 
Half the Angle ac the Centre - I A G| 45 ©] 36 of 3o of 25 43| 22 30 
The Angle of the Polygon BCE] go ojros olizo co128 34/1135 © 
The Flanked Angle F G H|] 60 ©| 72 of $80 of 85 43] 90 © 
Halt the Angle of the Poy/gon BCA] 45 ©o| 54 of 60 of 64 17] 697 zo 
Halt the Flanking Angle F GC| 3o o| 36. 0] 40 of 42 5i] 45 © 
The inward Flanking Angle SGF| 15 o| 15 of 20 of 21 26| 22 30 
To which add a Right Angle go of 90 of 9o of 9o of 9o o©o 
The Angle of the Shoulder N F Gl[105 ofto8 ofiio ofi11 26[112 30 
Angle oppoſite to the Head Line GFC| 55 of 58 of 60 of 61 26| 62 30 
The oppolite Angle to the Front F C G| 95 ©| 86 of 8o of 75 41] 72 bd 
The Complement of SGF, wiz. SF G| 75 ©o| 52 of 70 of 68 34| 67 30 
The outward Flanking Angle KM G| 5o o[144 o[140 o[137 oSit35 'o 
The Angle forming the Flank F C N] 40 ol 40 ol 40 :o| 40 of 4o of 


S CHAP IW. 


Of the Quantity of the Curtains, Flanks, Fronts, Gorges, 
and other Lines and Sides, zn Regular Forts of any 


determined number of Sides. 


py is no neceſlity that the Angles in Forts ſhould be exactly ſuch as are form'd 
and fer down by the foregoing Rules, but they may be-ſomething more or leſs, as 
the place or other occafions ſhall require : Burt, firſt ſuppoſing them to be ſuch, I 
will ſhew how to determine the quantity of. the Sides and Lines of a Fort' accor- 
dingly : Both by Trigonometrical Calculation, and by Tables allo. 


PROB. I 


The Length of the Curtain, and of the Front of the Bulwark given, to find 
what the other Sides and Lines ſhould be. 


S inthe regular Pentagonal Fort, Fig. III. and fo in others, to the intent the 
A Line of detence may be about 72 Rod, the Curtain 42, and the Front abour 
28 ; as 1s before noted in the 14* Axiom, Chap. I. and that the Proportion of the 
Flank to the Gorge be as 6 co 7: and let the Angle forming the Flank be 40 deg. 


Thus then 
The Curtain is ON 420 Foot. 
The Front of the Bulwark is Hs. F G 280 Foot. 
. The Angle forming the Flank | F CN 4o deg. 
And let the Flanked Angle be T G H 69 deg. 


Then 
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* Then will the other Angles be found, by the firſt Rule of the foregoing Chapter, 
to be ſuch as are exprefled in the Firſt of the two Tables ; but for the Sides, we will 
find them by Trigonomerrical Calculation, as followeth. | L 


Example 1. In the Right angled Triangle S G F 3 By Caſe Ill. of Right-angled Triangles 


As Radirns, 90 deg. E  10,00000 
To the Front of che Bulwark F G, 250 Foot re 5 

So is the Sine of the Inner Flanking Angle SGF, 19d. 3o m. © 9.52350 '- # 
To the Line SF, 93 d. 47 m. 1.97065 

Again, By the ſame Caſe I. 

As Radims, 9o deg. | I9.00000 
To the Front of the Bulwark F G, 280 foot, 2.44715 

So Co-line the Inward Flanking Angle, 5o d. 3o m. © 9.97435 


To the Line S G, 263.94 foot 
Half the Curtain SI, add 210.00 


The Summ 1s 472-94 for the Line I G ; which doubled, is the Side of 
the Outward Polygon, or the Diſtance of the Diamond Points of the Bulwark 


K G, 947.55. 


| In the 77iangle I A G, by Caſe I. of Right-angled Triangles. 
As the Sine of half the Angle at the Centre I A G, 36d. o m. Co. Ar. 0.23098 


To half the Side of the Outward Pentagon I G, 473-94- 2.67572 
SO Is the Radix, go d. Io. 
To the Semidiametre of the Outward Pentagon A G, $06.31. X2.90650 


In the ſame Triangle, by the Caſe I. of Right-ang/ed Triangles. 
As the Sine of the Angle at the Centre I A G, 36 d. oo m. Co. Ar. 0.23078 


Is co half the Side of the Outward Pentagon 1 G, 47 396. 2.67572 
So is the Co-ſine of half the Angle at the Centre I A G, 54 d. oo m. _ 9.90796 
To the Perpendicular of the Outward Pentagon A I, 652.32. x2.581446 
In the Triangle F C G, by Caſe I. of Oblique-angled Triangles. 
As the Sine of the Angle F C G, 56d. oo m. Co. Ar. 0.00106 
Is co the Front F G, 280.00. 2.44715 
So is the Sine of halt the Flanked Angle F G C, 59 d. 3o m. 9.93532 
To the Line F C, 158.98. | +2.35353 
In the ſame Triang/e, and by the ſame Caſe. 
As the Sine of the Angle F C G, $6 d. oo m. Co. Ar. 1.00106 
Is to the Front F G, 280.00 2.44715 
SO is the Sine of the Angle G F C, 59 d. 30 m. 9.92522 
To the Head Line C G, 241.44 3.38353 
Which ſubtracted from A G, $05.31 the Semidiametre of the Inner Pentagon, 
\ There remains | 564.57 | 
In the Triangle F C N, by Caſe II. of Right angled Triangles. 
As Radixs, go deg. 10.00000 
To the Line F C, 158.98, before found, 2.201 34 
S0 is the Sine of the Angle forming the Flank F CN, 40 d. oo m. 9.80507 
To the Flank FN, 102.19 | x 2.00941 
The Flank F N* being 102.19 
Add to it the Line firſt found, S F 93-47 


The Summ is the Difference of the Pentagons I O, 195.66 
Which ſubtracted from the Perpendicular AI, 652.32 


There remains | 456.66 
for A D,thePerpendicular of the Inner Pentagon.. 


In 


Cuxsus MartHEmMaATICUS. Book VI. 


———— 


In the Triangle F N C, by Caſe II. of Right-angled Triangles. 


As the Radims, $o deg. 10,00000 
To the Line before found, F C, 158.98 2.20134 
So is the Co-ſine of the Angle forming the Flank F CN, 50 deg, 9.88425 
To the Gorge-Line N O, 121.75. Xx2:08559 
To the Gorge-Line, N O 121.798 
Add half the Curtain D N ES 210.00 
The Summ is the Line D C 331.75 
Which doubled is BC 663.56 


for the Side of the Inward Pentagon. 


In the Triangle F Þ N, by Caſe I. of Right-angled Triangles. 
As the Sine of the Inner Flanking Angle F PN, 16d. 30m. Co. Ar. 0.47650 


Is to the Flank F N, 162.19 2.00941 
So is Co-line of the Inner Flanking Angle F P N, 50 d. 3o m. 9:97435 
To the Line P N 288.58 F2.46026 


' Which ſubtracted from the Curtain O N , 420.00 
The Remainder is the Second Flank OP, 131.42 


In the Triangle R O G, by Caſe IV. of Right-angled Triangles. 


To the Line before found, S G, 263.94 
Add the Curtain O N 420.00 


The Summ isthe Line RG 683:94 


Then, 
Firſt, As the LineR O, or I D, 195.66 © Co. Ar. 7.79850 
Is to the Line R G, 603.94. 2.83502 
So is Radims, 45 deg. 10.00000 
To the Tangent of the Angle R O G, 754d. o2 m. 10.54352 
Secondly, As the Sine of the AngleR O G, 54d. 02 m. Co. Ar. 0.01909 
Is to the Line R G, 683.94. | 2.535602 
So is the Radizs, 9o deg. | IO. 
To the Length of the Line of Defence, O G, 511.40 X2.85211 


And in this manner the Diſtances D M, P M, &c. might be found. 
Example IT. In the ſame Pentagonal Fort, Fig. III. let the Parts be as before, namely, 


| Curtain ON 420.00 Foot. 
— The&Frone of the Bulwark F G 289,00 Foot. . 
: Angle forming the Flank FGN © 40 Degrees. 
And let the Flanked Angle of the Bulwark be FGH © 72 Degrees. 


Then will the other Angles be found by the Second Rule of the Chapter before- 
going, to be ſuch as are there expreſſed in the latter of the two Tables: And 
tor the Sides, we will find them as before. 

In the Triangle SG F. 
As the Radizs, go deg. | | 10.00000 


Eto the Front of the Bulwark F G, 280.00 Foot 2.44715 

So is the Sine of che Inward Flanking Angle SG F, 18d. oom. 9.48998 
To the Line SF, 86.52 Foot X2.33713 

In the ſame Triangle S G F. 

As the Radins, 9o dep. Y IO. 

To che Front of the Bulwark FG, 280.00 2.44715 

So is the Co-fine of the Inward Flanking Angle, SG F. 72 d. oo m. 9.97821 
To the Line S G, 266.29 xX2.42530 

To which add half the Curtain SI, 210.00, 

The Summ is the Line I G, 476.29 

The Double whereof is 952.55, and is the Diſtance K G, berween 


che ewo Angular Points of the Bulwarks. In 
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In the Triangle I A G. 


As the Sine of half the Anple at the Centre A G, 36 d. oo m. Co. Ar. 0.23075 
To half the Side of the outward Pentagon IG, 476.29. 2.677%7 
So is Radius god. _ 10. 
To the Semidiametre of the outward Pentagon A G, $10.31. x2 go865 


In the ſame Triangle. 
As the Sine of half the Angle at the Centre I A G, 36d. oo m. Co. Ar. 0.23058 


'To half the Side of the outward Pentagon | G, 476.29. 2.67787 & 

So is the Co-Sine of halt the Angle at the Centre; I AG54d-. oo m. 9.90796 
To the greater Perpendicular A I, 655.56 x2.51661 

| In the Triangle F C G. 

As the Sine of the Angle FC G, 86d. oo. Co. Ar. 0.00106 
Is co the Front F G, 250.00. 2.44715 

So i; the Sine of half the Flanked Angle F GC, 36d. PP m. _ 9.76922 
To the Line F C, 164.98. X2.21743 

In the ſame Triangle F C G. | 

BY the Sine of the Angle F CG, 86 d. oo m. Co. Ar. 0.00106 
Is to the Front IF G, 250.00. 2.44715 

So is the Sine of the Angle GF C, 58 d. oo m. _9:92842 
To the Head Line CG, 238.03 X1.37663 


Which ſubtracted from the Semidiametre A GO; $10.31 
There remains 572.28, for the Semidiametre of 


the inner Pentagon. 


In the Triangle F CN. 


As Radins 9o d. 4: Ws 
To the Line before found, F C, 164.98 2.20743 
* Sois the Sine of the Angle forming the Flank FCN, 4od. oo m. 9.80507 
To the Flank F N, 106.05 FN, 106.05 x2.02550 
To which add the Line firſt tound SF $6.52 
The fumm is the diſtance of the Pentagons SN or ID 192.57 
And this ſubtracted from the Perpendicular 2: Al 655.56 
Leaves the Perpendicular of the inner Pentagon AD 462.99 
In the Triangle F N C. 
As the Radimns, 9o deg. | IO. 
E to the Line laſt ound F C, 164.98. 2.21742 
So the Co-line of the Angle forming the Flank F CN, 50. d.o m., 9.88425 
To the Gorge Line NC 126.35 _ #2.10168 
.To which add halt the Curtain 'DN 210.00 
The ſumm is the Line D C 336.35 


Which doubled, is the ſide of the inward Pentagon BC 672.70 


| In the Triangle F P N. 
As the Sine of the inward Flanking Angle FP N, 18 d. 00 m. Co. Ar. 0.51001 


Is to the Flank FN, 106.05 2.02550 
So is the Co-Sine of the inward Flanking Angle F P N, 72. d. 00 m. 9.97921 
To the Line PN 326.39 _ X2.51372 
Which {ubtracted from the Curtain ON 420.00 
There remains the ſecond Flank OP 93.57 
In the Triangle R O G. 
To the Line before found SG 266.29 
Add the Curtain ON 420.00 
Their ſumm is the Line R G 656.29 


ELeee Fhen 
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0.4 Then, ; 
Firf, AstheLine R O,or 1 D, 192.57 Co. Ar. 7.791541 
| 5 to the Line R G, 686.29 | 2.8365.1 
So is the Rad, 45 d. | 10. 
Tothe Tangent of the Angle R O G, 74 d. 20 m. IO.55192 
S:hdy, As the Sine of his Angle R O G, 74.4. 20 m. 9.98356 
Is to the Line R G, 686.29. 2.83651 
So Radims 9o d. | 10. 
To the longeſt Line of defence O G, 712.80 ' 2.85295 
Fig. II. Example III. In the Quadrangular Fort, Fig. IE. Let the Parts be as followeth. 
Length of the Curtain ON 420.00 Foot. 
The ; Front of the Bulwark F G 2980.00 Foot. 
© © 4ngle forming the Flank F CN 4od. oo m. 


Flanked 4»gle of the Bulwark FGH 60d. oo m. 
In the Triangle S G F. 


As Radins, 90 d. | Io, 
To the Front of the Bulwark FG 280.00 2.44715 
So is the Sine of the inward Flanking Angle SGF, 15 d. oo m. 9.41200 
To the Line SF, 52.47. x 1.86015 
In the ſame Triangle S G F. 
As Radims 90 d. Io. 
Is to the Front of the Bulwark F G, 280.00 2.44715 
So is the Co-Sine of the inward Flanking Angle S GF, 75 d. com. 9.98494 
To the Line SG 270445 xX2.43209 
To which add half the Curtain SI 210.00 
The ſumm is the Line IG 450.45 
The double whereof is 960.90 


| In the Triangle I AG. 
As the Sine of half the Angle at the Centre I A G, 45 d. oo m. Co. Ar. 0.15051 


To half the ſide of the outward Square I G, 450.00 2.68165 
So Radins 9o d. | IO. 
To the Semidiametre of the outward Square A G, 679.46 +2.83216 


| In the ſame Triangle. 
As the Sine of half the Angle at the Centre I A G, 45 d. oo m. Co. Ar. 0.15051 


To half the ſide of the outward Square I G, 480.45 2.68165 

S0 15 the Co-Sine of half the Angle at the Centre I A G 45 d. oo m. 9.84949 
To the greater Perpendicular A 1, 450. 45 -  x2.68165 

| In the Triangle C GF. 

As the Sine of the Angle F C G, 95 d. 00 m. Co. Ar. 0.00166 
Is to the Front F G 280.00 2.44715 

So is the Sine of half the Flanked Angle F G C zo d. 00m. 9.69897 
To theLine FC 140 53 | x2.14778 fs 

In the ſame Triangle C G F. 

As the Sine of the Angle F CG 95 d. oo m. Co. Ar. 0.00166 
Is to the Front F G 280.00 | 2.44715 

SO is the Sine of the Angle GF C 55 4d.oo m. 9.91336 
To the Head Lin CG, 230.23 22.36217 

Which taken from the greater Semidiametre A G, 659.46 

There remains the leſſer Semidiametre AC, 449.23 


In 
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tihzd wich Bulwarks, &c. 


Ler the Length of the Curtain be - ON 420.00 Foot. 
The Front of the Bulwark F G 280.00 Foot. 
The Angle of the Bulwark F GH 585d. 43 m. 


Then will the other Angles be according to the Second- Rule, and Second: Table 
1 c_ IIL and tor finding of the Sides and other Lines, proceed: as fob 
oWetn. 


In the Triangle S G F. 


As the Radims, 90 deg. '1©, 
Is to the Front of the Bulwark F G, 280.00 2.44715 
0 is the Sine of the Inward Flanking Azgle SGF, 21 d. 26 m. 9.56279 
To theLine SF, 102.31 X2.00994 


Ecce 2 | In 
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In the Triangle F CN. 
he Radius, 90 d. IO, 
__ o the Line before form'd F C, 140.53 2.14778 
& is the Sine of the Angle forming the Flank, FCN, 4od. oo m. _ 9.80807 
To the Flank : FN 90.33 t1.95585 
To which adding the Line ficſt tound S F 92.47 
You have the diſtance of the two Squares, K Gand BC 162.50 
Which ſubtracted from the Perpendicular AI. 450 45 
There remains the Perpendicular of the inward Square AD 317.65 
In the Triangle FN C | c 
As the Radius 90 d. | IO. 
To the Line before found F C 140.53 _ 1.14578 
So is the Co-Sine of the Angle forming the Flank FCN $0.d. com. 9g 88,5 
To the Gorge-Line N C 107.66 X2.03203 
To which add half the Curtain DN 210.00 | 
So have you the Line DC 317.66 
Which doubled, gives the Side of the inward Square BC 635.32 
In the Triangle P F N. | 
As the Sine of the inward Flanking Angle FP Nig d.oo m. Co.Ar. 0.58500 
Is to the Flank F N 90.58 I.95585 
So is the Co-Sine of the inner Flanking Angle FP N 75 d. oo m. EO $305 
To the Line PN 337.13 x2.52779 
Which ſubtracted from the Curtain” - ON 420.00 | 
The remainder is the ſecond Flank OP $2.57 
In the Triangle RO G. 
To the Line before found SG 2570.45 
Add the Curtain ON 420.00 
The ſumm is the. Line | 690.45 
| Then 
Firſt, As the Line R O, or ID, 162.80 Co. Ar. 7.78835 
[s to the Line RG 690.45 2.83913 
So is the Radzirs go d. IO. 
To the Tangent of the Ample ROG 756d. 44 m. 10.62748 
Seconaly, As the Sine of the Angle ROG 76 d. 44 m. ' Co. Ar. 0.01 175 
Is to the Line G R 690.45 2.83915 
So is the Radins 9o d. _ TO. 
To the fixed (or longeſt ) Line of Defence O G 709.42 2.85090 
4 , 
| Example TV. Let there be a Hepragon, or a Figare of Seven Sides, given tobe Fot- Fig. IV. 
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In the ſame Triangle S GE. 
As the Radine, 9o deg. 9 0. 
Is to the Front of the Bulwark F G, 289.00 2.44715 
So is the Co fine of the Inward Flanking Angle,S GF, 639d. 34 m. 9.96888 
To the Line S G, 260.63 x2.41603 
To which add half the Curtain SI, 210.00 
The Summ is the Line + . I G, 470.63 
- Whoſe Double is the Side of the Outward Hepragon 941.26 
| In the Triangle I A G. 
As the Sine of half the Angle at the Centre, I AG, 25 d. 43 m: Co. Ar. 9.36259 
Is to half the Side of the Outward” Hepragon I G, 470.63 2.67268 
So is the Radins, go deg. Io. | 
To the Semidiametre of the Outward Hepragon A G, 1084-61 X3.03527 
In the ſame Triangle I AG. 
As the Sine of half the Angle at the Centre I A G, 25 d. 43 m. Co. Ar. 0.36259 
To halt the Side of the Outward Hepragon I G, 470.63 2.67268 
So is the Co-ſine of half the Angle at the Centre, I A G, 64. d. 17 m. 9.95470 
T9 the greater Perpendicular AI, 977.17 x2.98997 
| In the Triangle F CG. | 
As the Sine of the Angle F CG, 75 d. 43 m. Co. Ar. 0.01364, 
Is to the Front F G, 280.00 2.44715 
S0 15 half the Flanked Angle F G C, 42d. 51: m. 9.83261 
To the Line F C, 196.52 X2.29340 
In the ſame 7r:angle F C G. 
As the Sine of the ao F CG, 75 d. 43 m. | Co. Ar. 0.01364 
Is to the Front F G, 250.00 2.44715 
So 1s the Sine of the Angle GF C, 619. 26m. 9.94362 
To the Head-Line GO, 253.75 x2.40441 
Which taken from the Greater Semidiametre A G, 1084.61 
There remains the Semidiametre of the Inward Hepragon A C, 830.86 
In the Triangle F C N. 
As the Radix, 9o deg. IO. 
_ To the Line before found, F C, 196.52 2.29340 
So is the Sine of the Angle forming the Flank, F C N, 40d. oo m: 9.80807 
To the Flank | F N, 126.32 xX2.10147 
To which add the Line firſt found, S F, 102.31 
The Summ is the Diſtance of the Hepragons I D, 225.63 
Which ſubtracted from the Perpendicular A I, 977.18 


There remains the Perpendicular of the Inward Heptagon, 748.55 


| In the Triangle F N C. 
As the Radims, go deg. h | 10. 
To the Line betore found, F C, 196.52 


2.2 

50 is the Co-fſine of the Angle forming the Flank, F C N, 50 4d. oo m, 988425 
To the Gorge-Line N C, 150.54 x2.17765 

To which add halt che Curtain D N, 210.00 

The Summ is the Line D C, 360.54 


Whoſe Double is the Side of the Inward Heptagon B C, 521.08 


In 
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| In the Triangle F P N. 
As the Sine of the Inward Flanking Ang/e F P N, 21 d. 26m. Co. Ar. 0.43721 


Is to the Flank F N, 126.32 2.1014, 
So is. the Co-ſMne of the Inward Flanking Angle, F P N, 68d. 34 m. 9.96888 
To the Line P N, 321.75 x2.50756 
Which ſubtracted from the Curtain O N, 420.00 
The Remainder is the Second Flank OP, 98.22 
In the Triangle R O G. 
To the Line before found, S G, 260.63 
Add the Curtain ' ON, 420.00 
The Summ is the Line R G, 680.63 
Then, 
Firff; As the Line R O, or I D, 228.63 Co. Ar. 7.640857 
E co that Line R G, 680.63 2.83291 
So is the Radizs, yo deg. | IO, 
To the Tangent of the Angle R O G, 724. 26 m. 10.47378 
Secondly, As the Sine of that Angle ROG, 724. 26 m. Co. Ar. 0.02321 
Is to the Line R G, 680.63 | ” 2.83291 
So is the Radims, 90 deg. I ©, 


To the Fixed (or Longeſt) Line of Defence, O G, 518.00 X2.85612 


And according to the Form of cheſe Examples, the Quantities of the Sides and 
Lines of Forts Gf any other Number of Sides, under or above XII.) may be de- 


termined. 
Example V. In a 9indecagon, or Fort of Fifteen Equal Sides. 
In which let be, 

Curtain O N, 420.00 Foot. 

Front of the Bulwark F G, 280.00 Foot. 

Angle forming the Flank FCN, 40d. com. 

Flanked Angle of the Bulwark F G H, god. oo m. 

| Then will che other Angles be as followeth. 

Deg. Min. 
The Angle at the Centre of the Polygon  BAC| 25 oo 
Half the Angle at the Centre is | DAC| 12 oo 
Whoſe Complement is half the Angle of the Polygon BCA| 758 oo 
Which doubled, is the Amgle of the Polygon BCE |156 oo 
And ſeeing the Flanked Angle of the Bulwark is FGH j| go oo 
Half the Flanked Angle is FGC| 45 oo 
Taken from half che Angle of the Polygon BCA | 55s oo 
Leaves the Inward Flanking Angle SGF | 33 oo 
To which add a Right Angle | go OO 
The Summ is the Angle oft the Shoulder | NFG |123 co 
From which take the Centre of the Angle forming the Flank NFC | 50 oo 
. There reſts the 4»gle oppoſite to the Head-Line _ GFC | 5; oo 
To which adding half che Flanked Angle FGC|] 45 oo 
The Summ is | | 1158 ©o 
Which ſubtracted from two Right Angles | 180 oo 
There remains the Angle oppoſite to the Front FGC| 62 oo 
Alſo the Centre of the Inward Flanking Angle is SFG | 57 oo 
Which doubled is the Ourward Flanking Angle KMG | 114 oo 


Having thus ſet down the Angles, the Sides and other Lines may be found as in the 
foregoing Four Examples, which in this Example I purpoſely omit; but will (in two 
Tabics) exhibit the Lines in a Fort of any number of Sides, from the Terragon, (or 
Square,) to the Dodecagon, (or Figure of XII Sides,) according to the Angles found 


by cither of the Two Rules delivered in Chap. III. before-going. 
Eeee 3 A Table 
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| 1 T 4 "x oricf he 'Tetragon, (or Figure 
ATABLE of the Dimenſions of any Regular For fication, fre m ihe | 8 I g 

| of IV. Ib to the Dodecagon, (or Figure of XII. Sides, ) he Flanking Angle bemg 

15 Degree? more than Half the Angle of the Polygon. | 


—— 
— —- — 


{ 
| | 
The Number of the Sides of the 1v. V. | VI. ; VIE. VIE IX. X. XI. | XII. 

| COLIEy OY} deg. m. deg. m.\deg. m. deg. m |deg. m.jdeg. m. deg. m.'\deg. mſdeg. m 
The Angle of the Poligon BCE] 90 o1c8 3s hugs o 128 34j135s ©1140 cil44 O[1479 I6[I5o © 
Flanking Ang. of che Bulwark F G H 50 of 69 © 75 o' 75 1i7| 82 30 8s of 87 of 88 38] go © 
The Angle of the Shoulder N F G[105s ojtog 30jt12 30 114 381115 15117 30118 3ciig wghizo © 
The Inward Flanking Angle SGH] 15s ©| 19 30} 22 30 24 38] 26 15] 29 3o| 28 zo] 29 19] 30 © 
The Outward Flanking Angle K MG150 c[141 ©1135 0130 43 127 30125 oll23 oſizi 21ij120 © 
The Angle fronting the Flank F CN] 40 0] 40 cj 40. ©, 49 Cc qo © go c| go c| 40 © 4o © 
, —_ OO | Ns 
i j ICO 10c I CO IOc 10C 100 IO 100 100 
| R. Par. R. par. R. par. R. par. R. par Par. R. par. R. par} ws 
| — — ED —_— — | — 
The Curtain O N42 ooſg2 ©c/42 oof 42 cco| 42 oc} 42 oc| 42 Oo| 42 oof 42 co 
The Front of the Bulwark F Gl28 ooſz2i1 ocj28 co] 28 oc| 28 oo} 28 oc} 28 oof 28 oof 28 oo 
The Gorge-Line ' N Clio 97/12 18113 26| 14 12] 14 83] 15 42! 15 92] 16 36| 16 93 
The Senudia. of the Inner Pol g. AC]44 $255 45158 $2] 80 g4] 93 63j106 ggitlg 45'132 571145 80 


'The Side of the Inner Polygon BC[53 $5366 36168 $2] 70 24 71 66, 72 84 73 Bs| 94 91] 75 47 
The Perpend. of the Inner Pohg. AL}z31 7645 67]59 34] 72 $0, 85 golcc c6113 641129 201140 83 
"The Semid. of rhe Outer Polzgon A G57 $5580 63)9gg 74{107 og 120 $0102 02.447 $9 161 16[194 83 
'The Side of thr Outer Polygon K G[gS ©9594 75193 741 92 90/ 92 22| 51 67, 91 211 go B83] 50 5o 
!The Perpend.of the Ourer Polygon A I[48 0465s 23/21 18] 96 42111 32/125 $3140 37/154 63168 84 


iThe Diſtance of the Polygons D1}s 28 19 57/21 84] 23 52] 24 83] 25 89] 26 92] 29 43] 28 O4 
;The Flank | FN| 9s 0310 2211 13] 11 Bs] 12 44] 12 94 13 36] 13 72] 14 of 
The Kead-Line C G[23 0224 1822 22] 26 11] 26 87| 27 53! 28 10| 28 59g] 25 03 
The Shoulder from the Centre FC|1q4 ogfls golt7 31| 18 43] 19 35| 20 13] 20 7g] 21 35| 21 85 
The Second Flank OP} 8 2g't3 12jhis 13] 16 14] 16 77, 17 14] 19 39] 17 $6] 19 68 
The longeſt Line cf Defence OGH7o $5471 14171 30| 71 43} 71 ol 23-00 71 79] 71 86] 71 gg 


ATABLE of the Dimenſions of any Regular Fortificaticn, from the Tetragon, (or Figure 
of IV. 51ides.) to the Otogon, (or Figure of VIII. Sides,) the Flanked Angle being Two 
third parts of the Angle of the Polygon. 


wv. 1.0. + F vir. VIII. 


The Number of the Sides of the 
POLYGONS. 


10 IO 10 10 Io 
D. par. D. par” par. D. par. D. par. 


The Angle of the Polygon BCE| go ofros ofizo o[i28 341135 o© 
The Flanked Angle ot the Bulwark F G H] 60 of 52 of 80 of 55 qi| go o 
Fhne Angle of the Shoulder N FGſiog ofto8 oftoo ofiiz 25/1112 3ol 
The inward Flanking Angle SGH 15 of 18 of 20 of 21 25| 22 3o 
Ihe outward Flanking Angle KM Glt5o oſi44 ofſizo oft37 oS135 © 
The Angle forming the Flank FCN] 40 of 40. of 49 o 40 00) ano 
4 | 
100 100 100 100 100 
_ par par * par. R. par K par 
— cc ———_ ——— —— —_ -- am——_— ade 
Fhe Cureain O N[42 ooſ42 o0j42 oof 42 oo] 42 oo 
he Front of the Bulwark FG|28 ool2s ooſ2zS oof 28 oof 28 oo 
The Gorg2 Line N Clio 97|12 - 6414 oof 15 os| 15 90! 
Fhe S2zmidiametre of the Inner Polygon A Cla4 92/57 22/79 oof 63 o6| 96 43 
Che Side of the Inner Po/ygen B Cl63 53167 2870 oo| 72 11| 73 Bo 
The Perpendicular of the Inner Polygon A Dſ3x 76146 3ol6o | 557] 74 B86] $9 og 
Che Semidiametre of the Outer Polygon A Gl67 95151 03194 6211058 46[112 47 
[hc Side of the Quter Polygon K G96 ogjg5 _ 26194 ' 62] 94 13] 93 94 
The Perpendicular of the Outer Polygon A 1148 0465 Feſs1 94] 97 72Þ112 1 5| 
The Liſtance of the Polygons Dis 2819 26/21 32] 22 8} 24 o6 
The Flank FN|9 ozlio 6ojiz 75.12 643] 13 34 
The Headline | CG23 o2j23 Boſz4 62] 25 35| 26 04 
Tice Shoulder from the Centre F Git 05.16 $gojis 28] 19 15] 20 76 
I te Second Flank | on 29] 9 36] 9 72] 9 82] 9 79 
he Longeſt Line of Defence O G75o gy'rr 25871 +56] 51 $of 52 oo 
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JOICNEEEE 7, 4220 > a 
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ods. Feer Rn 
The Semitliametre of the Outward Hexagon 97 4 

The Side of the Ourward Hexagon 93 7 _ 4: 
The Head-Line, (the fame,) 2 4 
The Semidiametre of the Inward Hexagon 6 s$ 2 
The Side of the Inward Hexagon, (the fame;) | 68 $ 2 
The Diſtance of che Hexagons "| 21 4 
' TheGorge-Line 2+ 6 
The Flank = 
The Second Flank ' » ee 
The Fixing, or Longeſt Line of Defence * 42 -0 
The Curtain a & © 
The Diſtance from the Centre of the Bulwark to the Shoulder LI 2 1 
The Front of the Bulwark = © © 
The Angle at the Bulwark let be | 75 Degrees. 
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FORTIFICATION. 


Thus have you the Manner how to find the Sides, Lives, and Angles of any Regular 
Fortification, by Trigonometrical Calculation, by which the Excellency of that Do- 
Arine doth appear. And now concerning Irregular Fortification, there might be propo- 
ſed an infinite number of different Examples ; but of Irregular Fortification in general, 
the 4xioms fer Cown in the Firſt Chapter, and the Examples before given in Regular 
Fg; ts, may be ſufficient: Only obſerve, That the Figure propoſed to be fortified 
being Irregular, it ought (the Plot thereot. being taken by an Inſfrument, as is dire- 


| Red in Surveying ) to he reduced to as much Regwlarity as the Place will permit, 


caking in and leaving out here and there a lietle, ro make ſome near Equality of 
Sides and Angles. And if any Angle of your Figure be leſs than go deg. you are 
not to ſer a Bulwark at that Angle, bur rather to make that Angle to be the Flanked 


Angle of a Bulwark: And tor the other Angles, you are to fit Bulwarks fo, as the 


ſtanding Angle of the Bulwark may be anſwerable to the Angle of the Polygon where- 
on it ſtands, according to cither, of the Two Rules before-given in Chap. IIT. Bur 
my Intent here, is not to write a Treatiſe of Fortification, but to ſhew the Uſe of 
Plain Triangles in that Particular : Yet before I end, I will ſhew you how to deli- 
neate the Ground-work of a Fort upon Paper, and then ſay ſomething concerning 
the 7/eorks that are to be raiſed on ſuch a Ground-work. | 


——— _—— 


RR Ne re Lens J | -76 
CHAP. V. 
How to delineate a Fort upon Paper or Vellom. 


Dmit it were required to draw the Platform of a Fort of Six Sides or Bulwarks, 
A according to ſome afligned Propartion : You muſt firſt find, as hath been al 
ready taught, the Angles, Sides, and other Lines in fuch a Fort, requiſite to be 
known 3. which admir to be ſuch as this following Table doth exhibic in Rods, Feet, 


and Tenth parts of a Foot. 


Being thus prepared, you may delineate the Fort as followeth. 

1. From a Diagonal Scale take in your Compaſles the Semidiametre of the Out- 
ward Hexagon, 9; Rod, 57 Foot, and 4 Tenths of a Foot, (or 93 Rod, 74 Centeſms of 
a Rod:) Then atluming the Point A upon your Paper for the Centre of the Fort, 
upon A, with the Diſtance 93.74, deſcribe a Circle ; and (becauſe the Side of a 
Hexagon is equal to the Semidiametre, ) ſet the fame Meaſure, 93.74, from G to 
K; 10 is G the Diamond-Point of one Bulwark, and K of the other : And draw the 
Lin:s A G and A K. | | : 

2. Take the Semidiametre of the Inward Hexagon, 68.52, and ſet the ſame from 
At BandC; fo C and B are the Centres of the ewo Bulwarks ; and drawing the 
Linz B C, fer down the Gorge-Line, 13.26, from Bro O, and from C to N ; the 
Retidue of which Line, viz. O N, is the Curtain, to which, upon the Points O and 
N, raiſe the Perpendiculars N F and O L, for the Flanks, which muſt be ſer off ac- 


cording to their Lengths, viz. 11.13 Rods. Or otherwiſe, Ser off in the Curtain 


from 


Fig. V. 


& 
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fromOrtoP, and from N to Q, 15.13 Rods for the ſecond Flanks; and drawing 

the ſhorteſt Lines of Defence, F G and Q K, they interſet the Perpendiculars rai- 

ſ:d for the: firft Flanks, in the Points Land F; fo is N F the Flank, and FG che 

Front. And in this manner you muſt proceed with the other Sides of the Fort. 
Otherwiſe, | 

Having drawn the Line K G, ſe: down in the ſame the Side of the Outward 
Hexagon 95.74, from K to G, as before, which is the Diſtance of the Angular Points 
or Heads of the Bulwarks : Then to the Right Line K G, and to the Points in the 
{ame K and G, deſcribe the Angles BK G, and CG K, here in this Example, each 
60 vr: - and on the Lines KB and G C, ſer off from K and G 25.22 for the 
Head:Lines, ending ar B'and C, which Points B and C are the Centres of the two 
Bulwarks 7 then drawing the Line B C, proceed as before. | 

_-- » Otherwiſe,” . 

Let K and G' he the Angular, Pgints of the Bulwarks : Draw the Line K G, 
and on the Points K'and G defcribe'the Angles AK Gand A GK, each in this Ex- 
ample-60'Degrees;” and fer off from K to B, and from G to C, the Head-Lines 
25.22,' drawing the Line B C, as before. Then to the Line BC, and to the 
Point in 'the ſame C, deſcribe the Angle F C N, of 40 Degrees; alſo to the Line 
G A, and to the Point in the ſame G, deſcribe half the Flanked Angle F G C, which 
is in this Example 37 deg. 3o min, and at the Concourſe of theſe Lines CF, and 
G F, viz. at F, is the Shoulder of half the Bulwark ; from which letting a Perpen- 
dicular fall ro the Curtain F N, that LineF N is the Flank, N C the Gorge-Line, 
N O the Curtains F G the Front, ec. And: thus are the moſt eflential Parts of this 
Fort deſcribed three ſeveral ways. 

I ſhould, now proceed to the ſetting, out of this or any other. Fort upon the 
Ground ; but for that I muſt refer you to the foregoing Tractate of Surveying of 
Land. 


CHAT YL 


Of- the Works without the Fort, the Rampire, Para- 


_ pets, ec. 


T is to be underſtood, that that which you have drawn by the Dire&ions of the 
laſt Chaprer in Fig. V. namely, the Lines KL, LO, ON, NF, FG, GH, and 
HT, is the outer Edge of the Rampire ; which Rampire may be 7 Rods, or ſome- 
what more or lets, as occaſion requires ; but in a Fore of 12 Sides or more, it ma 
be 10 Rod thick; and in a Fort of Four Bulwarks, it being of leſs importance, it 
may be bur 5 Rod; and in ſmall Sconces much leſs : This thickneſs is repreſented 
in Fig. I. by DV; fo that the Line drawn by V, doth repreſent the inward Side of 
the Rampire, being in the Curtain, Flank, and Front, every where parallel to the out- 
ſide of the Rampire betore deſcribed ; ſo that ſometimes the Bulwarks are quite fil- 
led up, and in ſome cafes it is neceſlary they ſhould be fo, becauſe Aſfaults are com- 
monly made againſt them : but here we ſuppoſe the Middle parts to be empry. _ 
Next, it you make a Walk or Fauſſe-Bray, then from the outer Edge of the Ram- 


ire before-deſcribed, meaſure 2 Rods for the Breadth thereof ; and 2 Rods more 


or the Thickneſs of the Parapet of the Fauſſe-Bray; which Spaces are here repreſented 
by DP and PQ. E 

Next without this Parapet, from the Foot of it, to the Side of the Ditch may be 

left half a Rod to ſtrengthen the Foot of the Paraper. 
All theſe Parts (or Members ) are between x Rampire and the Ditch. 

The Port or Ports are beſt to be made in the Middle of the Curtains, and to be 
placed as low as may be, and a Wooden Bridge, with Gates and Draw-Bridges over 
the Ditch in ſeveral places. 

Then ſet our the Breadth of the Ditch, which may be 12 Rods, more or leſs, as 
occaſion requires: Then from the Front of the Bulwark F G, and from the angular 
Point thereof G, raiſe the Perpendicular G S 3 and being the Faſſe- Bray, with the Pa- 
raper, is 4 Rod, and the Ditch 12 Rod Broad, therefore take 16 Rod from your 

| Scale, 
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Scale, and fer them rom GrtoS, and by the Point S, draw the Line R SI, parallel 
to the Front of the Bulwark G F. | 

Next without the Ditch muſt be the Coridor, or Covertway of the Counterſcarp, whoſe 
Breadth from the ourtide of the Ditch, may be two Rods, or thereaboutrs, repreſented 
by che Space S M: And without char Covert-way muſt be an Argin (or Parapet ) 
5 or 6 Rod Broad repreſented by M W. | 


Is au - * _— _ - _ *  — OBOE > oO ACA TW. OA 9. th 


CHA Þ;: ; 


Of the Height of the Rampire and Parapct, and of the 
Depth of the Ducch. 


HE Ichnography or Ground Plt of the Fort being drawn upon Paper or Velom, 
T and from thence the Rampire, Fauſſe-Bray, Parapet, Dutch, Covert-way, and Coun- 
terſcarp, as in Figure T. I come now to ſpeak of the Height of them. And, 

1. 'The Rampzre and ages are raiſed of Earth, taken out of the Ditch ; and 
touching the Form of the Works, in Height, Depth, and Scarpings, that it may be the 
better conceived, draw a Line, as abc d e f g, croſs the Front of the Bulwark, Ditch, 
Counterſcarp, &c. at Right Angles; upon which Line we may repreſent the 
Breadth, Height, Depth, and Scarpings of all the Works; which, that ic may be the 
more ſenſible, I here draw a longer Line apart, as in Figure VI. Abede f G, and 
on this Line ſct down the Breadth of the Rampire from A to b, 50 Foot; the Breadth 
of the Fauſle bray, b c, 20 Foot ; the Breadth of che Parapet thereof, c d, 20 Faot ; 
leaving 5 or 6 Foot without it, for the Brow of the Ditch, and from thence ſer off 
the Breadth of the Ditch to e, 120 Foot ; and without that the Breadth of the Argin 
or Paraper thereof, F G, 60 Foot : And thus you have expreſſed in this Line A G the 
Breadth of all the Works to be made. 

2. Between the Points A and b the Rampire is to be raiſed, which in Forts of 
Four Sides may be but 12 Foot, but in a Fort of 12 Sides, or more, 18 or 20 Foot. 
In this Example it is made 15 Foot high. : 

The Rampire is to be raiſed on every fide Scarping vis. on the Outlide, for eve- 

2 Foot that it riſeth, it may ſcarp 1 ; but in this Example, for every 3 that icriſeth, 
it ſcarps 2 Foot; ſo that the cop of it being 15 Foot, it ſcarps 10 Foot: But the In- 
ward Side of the Rampice next the Fore {carpes more, wiz. tor every Foot that it 
riſeth, ic ſcarps 1 Foot; and being raiſed to its full height of 15 Foot, it fcarps alſo 
15 Foot: And fo, though the Bottom of the Rampire he 50 Foot, yet the upper 
Superficies of it is but 4.5 Foot broad. | 

3. Upon the Outſide of the upper Superficies of the Rampire is raiſed a Paraper, 
ſometimes 15, ſometimes 24 Foot broad ; this is made to 10 Foot broad below, and 
on the Inward Side 6 Foot high, with a Step or Foot-pace 3 Foot broad, but out- 
wardly not above 4 Foot high. In like fort is raiſed the Paraper of the Fauſſe-bray, 
ind alſo thatof the Covert-way without the Ditch, only the Quelide of the Covert- 

vay is ſcarping about 60 Foot, till it be even with the Champion-ground about it. 

4. Touching the Ditch, it is in this Example 120 Foot broad, and 10 Foot deep, 
either Side of it alſo ſcarping 10 Foot ; all which doth ſufficiently appear in Fig. VL 
which drawn as here you ſee, is called the Se:on, or Profile. | 
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The End of the Third Part, and of the Sixth Book. 
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NAVIGATION. 


Ix Four Pakrrs. 


Containing 


|. An Introduction to that Art ; with the Deſcription and Uſe of 


fuch INSTUMENTS, both for Obſervation and Operation, 
as are of daily Uſe at Sea. 


Il. and III, The Do&trine of Right-Lined Triangles, applied to Pra- 
 Rice,, both m PLAIN, and m MERCA TOR's Sai 
ling. oY 


: 


IV. The Doctrine of Spherical Triangles, applied to Practice in 
Circular Sailig ; or, Satlmg according to the ARCH OF A 
GREAT CIRCLE: And in the Solution of ſuch G E O- 
GRAPHICAL and ASTRONOMICAL Problems as 
are of frequent Uſe in NAYIGA TION. 


All which 


THREE WAYS of SAILING 
Are Arithmetically, Geometrically, and Inſtrumentally Performed. 


ALSO 


ALarge CONNECTION of ſuch RULES and TABLES, 
As are of continual Uſe in that Axzr. 


By WILLIAM LEYBOU RN, Philomar. 
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NAVIGATION. 


Frooeme. 
Of the Antiquity and Progreſs of it. 


other than GOD himſelf, who firſt taught the Hebrews, his choſen 
People, ( and not the Xgyptians aud Phaznicians, as ſome have falſly 
imagined.) For we read in Geneſis, that Noah, according to God's 
Precept, made ar Ark for the preſervation of himſelf, and other living Crea- 
zures from the Deluge : or before this we do not read of any Skill in Naviga- 
tion: And of this we have many Reaſons and Conje@ares given by Ancient 
Writers. 1. Becauſe in thoſe times there was greater _ of Cities thar 
Ships 3 becauſe Cities are not made for Ships, but Ships for the Trade or De- 
fence of Cities. 2. Becanſe, in thoſe days, little Commodity could be reaped 


from other Countries, they lying then rude and uninhabited. 3. Some would 


have this to be a reaſon, why God revealed not this to the Old Worldlings; 
becauſe, being ready to periſh in the Flood, 19 man might have means to eſcape, 


which doubtleſs they would have attempted, had I ( or the uſe of 


Boats or Ships) beer: known. From what hath been ſaid it is probable that the 


' knowledge of Ships (and conſequently of Navigation ) was diſcovered to Noah 


at the time of the Deluge 3 whoſe Ark afterwards reſting upon the Mountains 
of Ararat, gave a Precedent to other Nations, near "49. He tor in what nature 
Ships were to be formed, From whence it came to paſs, that the firſt to whon 
this Skill was derived, next to the Hebrews, were the Tyrians and Phznici- 
ans; Nations, as well for the commodity of the Place, as other Inducements, 


inclining to Navigation : For Tyre being a principal Mart Town of Phznicia, 


bordering upon the Sea , and this knowledge being derived from them to other 
Nations, might give occaſion to Stratus and Strabo to conjetFure that they were 
the firſt Inventers of it. From the Phenicians it was derived to the Kgypti- 
ans, though but in a rude and unpoliſhed manner , as may appear by Pliny, 
who teſtifies, that they began to Sail in a certain Veſlel called Ratis, (which 
now ſignifies a Ship, but was then ) made only of Beams joyned together, in which 
they are reported to have paſſed the Mediterranean Sea. From the Agyptians 
zt came unto the Grecians, and one Danaus of that Country made a Ship of a 


mor: ample form than formerly, for which he was celebrated by the Grecians 


as the firſt Inventer. Strabo gives the Invention of it to Minos, others ( as 
Dicdorus _—_ to Neptune, for which he was» afterwards tranſlated in- 
to the number of the Gods. But this is certain. that amoneſt "the Grecians, 
the Cretenſians were the firſt that excelled in this faculty. Others aſcribe the 


F FFF building 


HE firſt Invention of this moſt excellent Art can be aſcribed to nd 
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* building of Ships to Dedalus, a rare Woork-man 11 Mechanical Occupations, 
From the Grecians it was afterwards communicated to the Itahans, amongſt 
whom, the Genevenſians a4 Venctians moſt excelled. For the Venctians 
Skill th this matter, we read of no other argument #hen their great Riches, and _ 
Magnificent Power, eſpecially by Sea, which eontinues ſo to this Aay. After 
theſe aroſe the Portugals, who, under the Conduct and diretion of Columbus, 
an Itahian, firft diſcovered America 3 which gave example to other Nations to 
adventure farther : Amongſt mhich no Nation hath waded farther than the 
Engliſh 3 who, under Drake and Candiſh, have ſurrounded the World, and left 
an eternal Trophie of their immortal fame to all pofterity. And to” conclude, 
T will not let the Hollanders, Flemming, :an4 Zelanders, paſs without their 
uſt due in this particular who, by their extraordinary Power at Sea, have 
kept (in deſpight of the Uſurping Spaniards ) theſe Provinces, ard increaſed 
the Riches of them to far greater: abundance than they were when they began 
their Wars. And thus much may ſuffice for the Authors and firſt Inventers of 
NAVIGATION. 


CHAS 
Of the Art of Navigation in general. 


Y ——— 


HE Care and Skill of a Perfe&t Sea-man, is to guide the Ship at Sea to any 
place that ſhall be deſired ; which cannot be done, unleſs he be able to find one 

in what place the Ship is at any time : So that the Practick Part: of Navigarzen is 
principally grounded upon the knowledge of theſe Four things. 1. The Longitude. 


2+ The Latitude. 3. The Courſe. 4. The Diſtance. 


SECT. I, Of the Longigude. 


f ls the Longitude ; although it may be found by the other Three, yet there 
hath not hicherto been diſcovered any general Rule, true and practicable art 
Sea, whereby the Longitude of Places may immediately and ordinarily be found of 
themſelves, which it they could, it would be the Maſter-piece of Nautical Science ; 
and the diſcovery whereof hath ſet on work the Wits and Inventions of many 
Men.—- Some have laboured to find the reaſon thereof by the Variation of the Map- 
netical Needle ; ſuppoſing certain Poles or Points unto which the ends of the Need] 
doth in all Places directly reſpet. But beſides that, the Meridian is difficult to be 
obtained with ſufficient preciſeneſs ; eſpecially at Sea, where che chief Uſe of Loy- 
gitude is : and the conceit is only imaginary, without the warrant of any Natural 
Principle.— Some conſidering the ſwiftneſs of the Motion of the Mon, ( which is 
every day about 13 Degrees, ) have ſuppoſed, that either by the true Place of the 
Moon, to be obſerved by exact In/truments, or elſe by the moment of the Moon's 
coming into the Meridian, the Longitude might be obtained : But ncither the true 
Motion of the Moor is fo exactly known, nor Obſervation at Sea can be fo preciſely 
made, that any certain truth, in ſo ſubtile a buſineſs, may be argued thereby. — 
Some have thought to obſerve the Longitude by Artificial Motions of long continu- 
ance ; but not without great error, and hallucination. — Some by Sand-Glaſſes or 
Warter-Glaſſes, but both obnoxious to divers alterations and temperatures of -the Air 
and Clime wherein they are ; eſpecially thoſe of Sand, that of Water being more pro- 
bable, eſpecially if che Liquor be ſome Chimical Spirit, which will neither treeſe nor 
decay. Theſe are the principal ways of keeping an Account of the Time as yet 
we know; and any, or ſome of them, which ſhall be found (by experience ) moſt 
certain mult be embraced till it ſhall pleaſe God to open a more natural and proper 
way for the diſcoyery of Longitude 


SECT. 


CE 
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SECT. ll. To find the Latitude of the Place where the Ship #4. 


H E Latitude of the Place wherein the Ship is, may be certainly found by the 

Meridian Altitud: of the Sun, or of a known Star ; or by the Amplitude of the Swn, 
or a known Sear, at their Riſing or Setting ; as alfo by the Pole Star, &c. . And dr 
vers ſuch ways you ſhall tind in ſeveral places of this Book, eſpecially among ths 
Aftronomical Problems hereafter following. - 


SECT. Ill. Of a Ship's Courſe 


HE Courſe or Line by which the Ship muſt go. Now, the Courſe of a Ship 

upon the Sea, depends upon the Winds, and the deſignation of theſe upon the 
certain knowledge of one principal Wind ; which ( conſidering the condition and 
ſituation of the whole Sphere ) ought in nature to be North or South : the North to 
us an the North ſide of the Equino1al, the South to thoſe on the other ſide of the Line: 
And in making this Obſervation, Men were to intend themſclves towards one or 
other certain fixed part of the Horizen; and therefore, to one of theſe. 

In the Southern Hemiſphere there is not found any Star ſo notable, and of fo near 
diſtance to the Pole, as to make any preciſe direction of that Wind; bur in the 
Northern Hemiſphere we have One of the Second Magnitude in the Tail of the leſſer 
Bear, making fo ſmall, and inſenſible a Circle about the Pole, that it cometh all co 
one, as if it were the Pole it ſelf. 

This Star pointed out the North-Wind to the Mariners of old; and was 
therefore by them called the Lead, or Load Star 3 but this could be only in the 
Night ſeaſon, and not always then neither: Bur it is now more conſtantly and 
ſurely ſhewed by. the Needle touched with the Magnet, which is therefore now 
called the Lead, or Load-Stone, for the ſame reaſon of the Leading or DireRing their 
Courſe to the North and South Parts of the Earth ; not in all Parts directly, becauſe 
in following the conſtitution of the Great Magnet of the whole Earth , it muſt needs 
be here and there led aſide towards Eaſt or Weſt, by the unequal temper of the Ter- 
reſtrial Globe, conliſting more of Earth than Water in ſome places , and more of Wa- 
ter than of Earth in others. | 

This Deviation of the Needle is called by the Mariners, the North Eaſting or North- 
Wefting ef the Needle, as it falls to be; but more Artificially, it is called the Variation 
of the Compaſs ; and although ic pretend uncertainty, yet it proveth to be one of the 
greateſt helps that Sea:men have. | 

The North and Sourh Winds being thus aſſured by the Motion of the Needle; the 
Mariner ſuppolſeth his Ship to be (as it always is ) upon ſome Horizon or other the 
Centre whereof is the Place of the Ship, repreſented by the Centre of the Compaſs, 
the Diametre whereof we will ſuppoſe to be the Line of North and Scurh, which be- 
ing croſſed by another Line at Right Angles, ſheweth the Eft and Wett ; and ſo 
they have the Four Cardinal Winds : Again, crofs theſe, and they have the Eighs Whole 
Wmds, as they call them: Another divifion of theſe make Ejgbr more, which they 
call Half Wimds : A'third diviſion make 16, which they call Querrer Winds : So that 
in all there are 32, which chey call Points of the Compaſs. Thus, the Four Cardinal 
Winds, North, South, Eaſt, Weſt, are called Cardinal Points ; and the other intermediate 
Points are called Rumbs. 


SECT. IV. To findthe Diſtance of the Ship's Way to the Place 


aſſigned. 


OR the Diſtance : The finding of the Diſtance of a Ship's Way to any Place 

from which ſhe hath departed, is the principal ching in the Practick Pare of 
Navigation, which (if the Longitude could be eatily and accurately found ) would 
be very eaſje; but as hath been before-delivered, that being not only intricate ( or 
rather impoſlible ) ar all times to be put in Practice, eſpecially at Sea, where there 
1s moſt need thereof, we mult content our ſelves with ſuch ways as we may beſt 
manage: And this is moſt commonly done by a little Log faſtned to a Line, and 


let down by the Ships ſide into the Water, which Mariners all the Log-Line. + 
| Ffff 2 SECT, 
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SECT. V. Of the Diviſon of the Log-line, and how thereby to 
reckon the Way of the Ship. 
Y the quantity of Line that the Zog ſhall draw out of the Ship in ſome certain 
quantity of Time, is uſually reckoned the Diſtance that the Ship hath run in 
that Time, or may run for ſome ſmall portion of Time after : And alchough this be 
- Not an Infallible Rule, yet doth it ſtand the Mariner many times in good ſtead. 

The Way of finding the Diſtance run, is grounded upon this Opinion, That 5 of 

our Engliſh Statute Feet do make a Pace, and that 1000 of ſuch Paces do make a 
= Mile, and 60 ſuch Miles do make a Degree upon the Earth, (anfwering to a Degree 
4 ; in the Heavens 3.) and according to this, a Degree ſhould contain 300000 Feer : Bur 
1 | this Error hath been long ſince detected by my loving Friend and Country-man Mr. 
n | Richard Norwoog, who by the Experiments of others,as well as of his own,tound it to 
0 contain a greater number of Feet. The Meaſure of a .Degree aſcertained to us by 
his Experiment is 367200 of our Eng/iſh Feet ; but in reſpe& to the Rotundity of 
the Number, and becauſZe it is ſafer to reckon with the leaſt, rather than coo much, 
he doth ſuppoſe a Degree to contain only 360000 Engliſh Feet: And retaining ftill the 
ſame Diviſion of a Degree into 60 Miles, or 20.Leagues, a Mile will contain 6000 

. Feet. 

Now ſuppoſing the time of the running out of the Log-line to be meaſured by a 
Haltf-minute Glaſs ; if you obſerve how many Foot ſhe runs in half a Minute, you 
may thereby find out her Way for an- Hour, 4 Hours, or any other Time. As, 

Admit that 50 Foot of the Log-line ſhould run out in half a Minute, or 30 Seconds 
of Time; it is then appatent, that the Ship runs a Mile an Hour, 1co Feet being che 
60" part of a Mile : And therefore, | 


As 1 Minute, is to 60 Minutes ; 
So is 100 Feet, to 6000 Feet. 
Or, 
As 1 Minute, is to 60 ; 
So 1s 200 Feet, to 12000 Feet or Miles. 


— Upon this Ground, If at about half a ſcore Fathom, or more, from the Zsg, you 

make a Mark or Knot, and beginning from thence, meaſure out 50 Foot, and there 
make a Mark, and $50 Foot farther 2 Knots, and 50 Foot farther 3 Knots, and ſo 
proceeding, look how many Knots are run out in half a Minute, ſo many Miles 
doth the Ship run in an Hours time; and every 5 Foot more beſides the Knots, is 
the tenth parc of a Mile : As, if there were run out, in half a Minute, 6 Knots and 
45 Foot, the Ship's Way is, after that rate, 6 Miles and +* of a Mile in an Hour, &&c. 


SECT. VI. Of Currents, how to diſcover where they are, which way 
they ſet, and their Rate of Drift or Driving- 


Wy you have a ſmooth Sea, and not much Wind, heave out the Boat, and 
| in her three or four Afiſtants, with a Log-line, Compaſs, a Half minute 
| Glafs, and a Warp or Line of about 100 Fathom long: To the end of your Warp 
* A Kettle, or faſten a Triangular piece of Board, * and at one of the Angles faſten a Weight of 
_ — Lead to\fink it. When you are off from the Ship, caft over your Board, (or other 
\ bye Niog & # Veſlel,) and ler it ſink at leaſt 60 or 100 Fathom, or more, if you have Line enough ; 
ſerve, © then belaying the Line faſt about the Stern, ic will bring her up, and make her ride 

as if at. an Anchor. | 
Then caſt over your Log, turn up the Glaſs, and as you veer out the Log-line, 
ſet the Drift of the Log with your Compaſs; 1o. ſhall. you know whether there be 

any Current or not and it any, how it fets ; and the Rate of Drift or Driving. 

-- But you muſt remember, always, to add to the Drift, (if the Line ſhe ride by be 60 
Fathogn, one third pare ; if it be 80 Fathom, one fourth part; if 100 Fathom, one 
| fifth pare z and ſo more or leſs, according to the length of your Warp or Line,) 
--more for the Dritt of the Boat : For though ſhe ſeem to ride (as at Anchor,) or lie 
ſtill, yet it is found by Experience, that ſhe drives in the mean time. And note, 
. Thar 
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That the heavier the Board and Weight is, that the Boat is to be rid by, the lefs will 
her Drift be. | | 

Some uſe to judge of Currents by Rippling of the Water, and driving of Froth 
along the Shore, &c. But theſe are great Uncertainties, and nor at all to be relied 
upon ; and if the foregoing Way be not1o exact as might be wiſhed, yet it is found 
agreeable with Experience, and therefore ought to be embraced, till by farther Ex- 


perience a better way be found out. 
SECT. VIL Of Lee-way. 


| Nh the better judging of a Ship's Lee-way, always when you are by a Wind, 
and have Land in ſight juſt on Head, take notice, as you keep the Ship ſteered 
on the Point the Land bore on, how ſhe ſlides away to Lee-ward, and the Land 
appears more and more to Wind-ward ; for by ſuch kind of Obſervations, taking 
notice of the Sail abroad, Streſs of Wind, Ship's Run, and Growth of the Sea, the 
Judgment may be fo ſtrengthned, that you ſhall rarely fail of giving a very near 
Allowance. 

But if the Land be not right on Head, yet, by taking notice what Point it was on 
at firſt, and how it Weathers in keeping the ſame Courſe, you may thereby attain 


to the ſame advantage. 


— 


CH AP. IL 


Of Inſtruments appertaining to Navigation , both for 
Obſervation and Operation ; their Deſcription an 


Ute. | 


He Principal Inſtruments appertaining to Navigation, (and all, or the moſt of 
them a Navigator cannot be well without, betides Books, Maps, Sea-Plats, Plain 
and Mercator's Charts, Pens, Ink, Paper, Slate, Scales and Compaſſes, are, 
I. A Plain Compaſs. 
IE. An Azimuth Compaſs. 
III. An Univerſal Ring-Dial. 
IV. A Croſs-Staff, or Fore-Staff. 
V. A Quadrant, or Back-Staff. 
VI. A Nocturnal. | ; 
The Deſcription and Uſe of moſt of which follows. 


SECT. I. Of the Plan Compaſs. 


'F3 E Plain Compaſs is no other than a Circle divided into 32 equal Parts; the 

Four Pricipal are the North, South, Eaſt, and Weſt: On the North Point al- 

ways there is a Flower-de-lzs ; and theſe Four are called the Four Cardinal Points, Winds, 

or Rumbs : The middle Point between any of theſe Cardinal ones 'are called Half- 

Points, Winds, or Rumbs, as are the North-Eaſt, South-Weſt, North-Weſt, and South-Eaſt : 

Loy other Eight are denominated as you ſee in Fig. I. and alſo in the two following 
&S. 


Ffff 3 Points 


Fi. L 


_— 
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And far eaſe in Counting, I have here inſerted 


A Table 
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ſhewmg the Angles which every Runb or Point of 
. the Compaſs make with the Meridian. 
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Now to fie this Compaſs for Uſe at Sea, there are placed under the Card two 
Wyres, touched with a:Load-ſtone, and paſted or glewel, fo that the Ends of both 
the Wyres, being bended, meet together at both Ends, which Ends are placed directly 
under the Norch and South Points of the Card ; and in the Centre of the Card is 
placed a Braſs Cap or Socket, which is to make the Card hang upon a Pin perpen- 
dicularly ere&ted from the Centre of the Bottom of the Box and a Glaſs over che 
Card, to prevent it and the Wyres from Wind and Wet. 

' This Box, with the Card and Wyres in it, is to be hanged in ewo Circles or Hoops 
of Braſs, and thoſe put into another Box; fo that the innermoſt Box; and confſc- 
quently the Card, may hang Horizontally which way ſozver the Ship moveth. This 
Compaſs thus fitted the Flower-de-luce always hath reſpect to the North part of the 
Heavens, and conſequently all che reſt to che reſpective Points as they are denomi- 
nated upon the Card ; bur not ſo directly, art all times, and in all places, but there is 

Deflection or Deyiation from the crue Coaſt, which Mariners call the Variation of 
che Compals ; of which we have already ſaid ſomething, and ſhall more hereafter. 


SECT. I. Of the Azimuth Compaſs. 


Ie: the top of the Box wherein the Fly and Needle is faſtned, there is a broad Fig. II. 


Circle of Braſs, one half of the Limb wherof is divided into 9o deg. numbred 


| from the middle thereof both ways by 10, 20, 30, &c. to 45 deg. and theſe Degrees 


again ſubdivided by Diagonals into 5, 10, or 15 min And the Diviſions of theſe De- 
grees and Minutes are drawn from the oppoſite part of the Limb whereon the [dex 
moveth. Upon the Index is erected a Sight, to be let down or raiſed up perpenticu- 
larly at pleaſure ; alſo, from the top of this Sight, down to the middle of the Index, 
is faſtned a String, to caſt its Shadow upon the middle Line of the Index. 

This broad Circle of Braſs is croſſed at Right Angles with two Strings, and from 
the termination of thoſe Strings are drawn four ſmall black Lines down the Sides, on 
the infide of the Box, for re&ifying the Inſtrument in tims of Obſcrvation. 

This Compatls being fitted in manner as aforeſaid, is hung in a ſtrong Braſs Ring, 
and thoſe aſs faſtged into a ſquare Wainſcot Box, fitted for that purpoſe. The Fi- 
gure of this Compals, fitted as aforeſaid, in its Box, you may ſee in Figuae LI. 


The Uſe of the Azimuth Compaſs. 


You muſt firſt re&itie the Braſs Limb, by the Needle and Fly within the Box ; then 


if the Obſervation be in the Aenoon Four the Centre of the Þdex upon the 


Tek FPoine of the Card or Fly, and ſo that the four Lines on the inſide of the Box, 


andehs four Lines on the Edge of the Card, do always agree. 

The Compaſs thus firted, turn the Index towards the Sun, until the Shadow of the 
floap Thred fall direqly into che Slit of the Perpendicular Sight, and alſo upon a 
ſtrezght Line in the middle of the Index ; then at the ſame time will the inner Edge 
of the Index ſhew the Magnetical Azimuth from the North or South. 


The Uſe of the Azimuth Compaſs in taking of the Sun's Amplitude. 
If you obſerve the Sun's Amplicude in the fron my at the as d of the Sun, 
then turn the Centre of the Index right over the Eaſt © Point of the Fly, and reci- 


hethe Compaſs by the Lines within the Box, and the Lines over che Fly. 


Riling, C turn the I»dex cowards the Sun, till 


Then at: the time of the uns JE 
2 Wcetting, 


you cut the Body of the Sun by your Þdex and Thred; then will the inner Edge of 


the Index give you the Degrees and Minutes of the Magnetical Amplitude upon the 


Lir1b of the Compaf, from the TH towards cither North or South. 


The Magnetical Azimuth or Amplitude being thus obtained : by the C:mpaſs, fos 


the ſame time, you muſt find the erue Azimuth or Amplitude, as is formerly caught. 


And 
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And if the obſerved Azimuth or Amplitude do agree with the Magnetical Azimuth 
or Amplitude, then hath your Compaſs no Variation 3 bur if they differ, that difference 
5s the Variation : and which way, towards either Ea#} or Weſt, is taught how to dil: 


cover by the VI® Chapter hereot. 
Or briefly thus, by the Azimuth: _ 


1. In the Forenoon. 
If the Saw's Azimuth from the North part of the Meridian by Calculation 
be os than the Magnetical Azimuth by Obſervation ; then is the the Varia- 
. Eaftward. C | | 
od 4 
Weſtward. 
| BY 2. In the Afternoon. x 
If the Sur's Azimuth from the North part of the Meridian be ' than the 


4 Magnetical Azimuth, then is the Variation har 
! Briefly thus by the Amplitude : 
| | 1. At the Sur's Riſeng. 


1 : If the Sar's Amplitude be  Frarkad 22 the North part of che Meridian than the 


Magnetical, then is the Variation Behberls 
} 2. At Sur's Setting. 


If the Sun's Amplitude bed "ar be the North part of the Meridian than the 


| | | , - - YEaſterly. 
Rt Magnetical, then is the Variation _— l . 


Of the Variation of the Compaſs, and towards what Coaſt it Tarieth. 


The two principal ways for finding the Variation of the Compaſs, are by the Sun's 
Amplitude at his Riſing or Setting, and by his Azimuth. at any other time of the 


Day. 
1. By the Sun's Amplitude. 


You are by your Azimuth Compaſs to Obſerve at the Sww's Riſing or Setting, how 
many Degrees the Sun is from the Ea#t or Wet Points of the Compaſs ; which num- 
ber of Degrees, it they do exaRly agree with the Amplitude found, by Calculation 
F or otherwiſe, and be on the ſame Side of the Meridian, then hath the Compaſs no Va- 
'f riation ; but if they differ, look how many Degrees that difference is, for ſo much 
bi - is the Variation. 

i. Rp | PI OE For Example, Admit that I find the Suns * Amplitude for ſome Day or 
_ i _ bs oy >; Other, to be 24 deg. 52 min. Northerly : Then I know that the Swn ſhould | 
' Tees, in any Latitude, x vt that Evening at almoſt 25 deg. from the Jef, towards the North: Bur 
ſhewed in ſeveral Places of at Sun Setting, obſerving with my Azimuth Compaſs, I find that the Sun 
this Book, and amng the Sets but 19 Degrees from the Weſt towards the North : from whence I ga- 
24  Apagrey tp ve ther, that the Variation is 5 deg. 52 min. (that is almoſt 6 deg.) And by 
RngT fr OI ns bi mcans you may Obſerve the Variation as often as opportunity will 


! f | ; ſerve. 


To know towards what Coaſt, Eaſt or Weſt, the Compaſs Varies. 


[. By the Amplitude. 


[#8 If the Degrees of the Compaſs, which ſhould direQly reſpe& the Sun at his Riſing 
F | or Setting, ( namely the Degrees of Amplitude found as before, ) be more towards 
'2 the Right-hand chan the Sw»-Riſing or Setting is, the Variation is EaFerly : But it ic 
be more cowards the Left-hand, the Variation is Weſterly ; becauſe, when you look 

with 
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with your Face towards the North, the Eaſt 1s on your Right-hand, and the }// on 
your Left-hand. | 

As in the former Example, I find by the Amplitude, that the Sun ſhould Ser almoſt 

25 deg. from the Wet Northerly; bur Setting the Sw with my Compaſs, I find that 
25 deg. of my, Compaſs is more tO the Right-hand than 19 deg. the Place of the 
Sun Setting : therefore I conclude the Variation to be almoſt 6 deg. Faſterly z fo that 
the North Point of the Compaſs ſhews not the true North, but points almoſt 6 dep. 
ro the Eaftward of the Nerth : and conſequently, all the other Points of the Cem- 
paſs dire more towards the Right-hand than they ſhould do: And according to 
this Rule, the like in all Points is to be underſtood, if the Obſervation had -been 
made at the Sun's-Rifing. 

Nete, It will be beſt to make theſe Obſervations when the San ſeems to be a little 
above the Horizon; namely, when the lower edge of the Sun ſeems almoſt to 
touch the Horizon : for then is the San in the Horizon, but by reaſon of his Re- 
traction and Parallax he ſeems to be above ir. 


IT. By the Sun's Azimuth. 


The Variation of the Compaſs, by the Sun's Azimuth, may be found according to 
the Directions following, wiz. hs 

About the middle of the Forenoon or Afternoon (the farther from Noon the bet- 
eter) you mult rake the Sun's Altitude by ſome Inſfrument for that purpoſe hereafter 
mentioned ; which being noted down, you are at the ſame time, as near as may be 
(or another for you at the ſame time) ro ſet the Sus with your Compaſs, and note down 
likewiſe upon what Degree of the Compaſs ( a”; from the Nertb ) you found 
the Sun to be, Then knowing your Latitude, and (by your Tables, at the end of 
this Book ) the Sun's Declination, you may find the Sun's Azimuth from the North, as 
hath been ſhewed how to do ſeveral ways, in divers places of this Bock which Azi- 
muth, compared with the Degrees before found by the Compaſs, if both agree, the 
Compaſs hath no Variation ; it there be afry difference, that difference is the Vatia- 
tion: which Variation, whether it be Eafterly or Weſterly, may be fouhd by the' Rule 
laſt delivered for that purpoſe. | | gs 

Example, Admit that upon ſome Day in the Forenoon, I obſerved the Height of 
the Sun to be 32 deg. 28 min. and knowing my Latitude, and Sun's Declination for 
that time, I find the Sun's Azimuth from the North to be 109 deg. 36 m. At the 
ſame time as I took my Altitude in the Forenoon, I fer the Sw by my Azimuth Com- 


paſs, and found that the Sw» then was 102 deg. the difference berween the true ob- 


ſerved Azimuth, and that by my Compaſs being 5 deg. 36 m. which is the Variation 
of the Compaſs. | 

Now to know whether this Variation be Eafterly or Weſterly. T conſider that the 
Sun's true Azimuth ( found by the Aſtronomical Problems in this Book ) from the North 
107 deg. 36 min. or from the Eaſt Point of the Compaſs Southwards 15 deg. 36 min. 
whereas ſetting the Sun with my Compaſs it was bur 12 deg. from'the Eat South- 
wards : So that the Degrees that the Sun ſhould have been.on, was more towards the 
Righ-hand than the Degrees whereon it was: Wherefore, I conclude the Variatiort 
to be Eafterly 5 deg. 36 min. 


SE CT. HI. Of the Univerſal Ring-Dial. 


The Deſcription of the ſeveral parts of this Dial. 


HE Dial conſiſteth of three Parts, viz. Of two great Circles of the Sphere. 

1. The Meridian, which is the outermoſt Circle thereof, 2. The e/£quing&#ial, 

which is the innermoſt Circle thereof. And; 3. Of a Bridge or Stile, reprefenting 

tae Axs of the World: And to theſe three General Parts is added this Particular ; 

namely, a ſmall Ring and Index, to ſet it to the Latitude of the Place in what Part of 

the World ſoever you are; and alſo to hold in yout Hand, when you would find 
cither the Latitude of a Place, or the Hour of the Day.. - 


How 


Fig. II. 
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How the ſever! parts of the Dial are divided. 


1. The Meridian on one fide is firſt divided into Four Parts or Quadrants, and one 
of thoſe » iq win divided into 9o equal Parts or Degrees ; to one of which the ſmall 
Ring mult be ſet when you would find the Hour in any Latitude. On the other- 
lide of the Meridian is projected a Quadrant of Altitude, whereby to take the Heighr 
of the Sn ; and ſo conſequently thereby to find the Latitude of an unknown Place, 
in what Part of the World ſoever you are. 

2. The e/£quineftis! Circle is divided in the inſide thereof; firſt, into 24 equal 
Parts or Hours, and thoſe again ſubdivided into Halves and Quarters, and numbred 
both ways, by I. II. IL &c. to XII. ſtanding at the Meridian. And although all 
the 24 Hours are neceſlary 3 Yet in ſmall I=/fruments they ſeldom do graduate more 
than from 3 in the Morning till 9 at Nighe. 

3. The Axs, Stile, or Bridge, which paſleth croſs the Meridien Circle from Pole 
to Pole, always cutting the Zquinottial Circle at Right Angles, is made of a piece 
F of thin ( but broad ) Braſs in the middle whereof is a long lic, in which there mo- 

1 | veth a Curſor, which hath in it a ſmall hole, which muſt be ſer to the Day of the 
Month, graduated on the Axis, when you would find the Hour of the. Day. Or to 
the Sun's Declination, which is graduated on the other ſide thereof, when you 
would find the Latirude of any unknown Place. Hitherto of che Deſcription: Now 


ſhall follow : 
The Uſe of this Univerſal Dial. 


The Uſes are principally theſe following. Although larger Infruments of this | 
kind may be made to perform divers others. | # 
I. The Day of the Month being known, you may find the Sun's Declination: Or, 
-$ II. The Declination being known, you may find the nf of the Month. 
| III. The Latitude of the Place you are in, and the Sun*s Declination being known, 
you may find the Meridian-Altitude, Or, ; 
b+ fs The Meridian-Altitude and Declination being known, you may find the Lati- 
tuae. | 
V. The Latitude and Day of the Month ( or Declination ) known, you may find 
the Hour of the Day in any Part of the World. 


1. To find the Sun's Declination, 


| Move the Curſor wich your Thumb along the ſlit in the Ax, till the hole ſtand juſt 
[ againſt the Day of the Month, then turn co the other ſide of the Bridge, and the 
[ ſmall hole will ſtand juſt againſt the Swn's Declination. | 
| D. M. 


10th. of January | 20 1 $, | 
20th, of February{ It will ſhew on { 6 57 S. ; 
10th. of March þ the other ſide of Þ o oo ; 
15th. of May \ the Bridge 21 5N. 
20th. of Auguſt S$ 56 N. 


So if you ſet the hole of 
the Curſor againſt the 


And on the 12th. of September the Declination will be oo deg. oo min. again: And 
by this Example you may perceive that from the 10th. of March, to the 12h. of © 
Seprember, the Sun hath North Declination ; and from the 12th. of September, to the © 
10th, of March, it hath Scuth Declination. ; 


2. To find the Day of the Month. 


This is but the m_—_— of the former Propoſicion: For if you 
D. M. 


= I my | "\ January the 10th. 
Fer the Curſor tog 0—00 OE OE IE) March the z00b. 
11— 7 Nerth of che Bridge you ſhall find May the 15th. 
8—56 North | Fuguſt the 20rb. 
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3. To find the Sun's Meridian Altitude. 
IE.” | go, 
If the Sun havs$I"", FDeclination _ a& the Complement of the Latitude 


(which is ſo much as the Latitude wants of 9o deg. ) = the Sun's Declination, 


and they pg miner 


Summ nl be the Meridian Altitade of the Sun that Day : Thus 


. M. D. M. {+ D. 'M. 
The Latitude being 51 3o Complement 35 3o bor $3 30 a 
| And the Declination 16 20 North 16 20 South. 
The Meridian Altitude will be 54 50 22 10 


4. To find the Latitude. 


This muſt be performed by Obſervation : and the Obſervation that you are to makes 


is of che Sun's Meridian iltitude ; to perform which ſtick a Pin in the hole which is 


on that ſide of the Merid:an on Which the Qugdrant of Altitude is graduated. Then ' 
bring the ſmall Hand-Ring to the beginning of the Degrees on the other tide of the 
Quadrant, and turn the Pin to the Sun, till it caſt its Shadow through the Degrees of 
the Quadrant of Altitude ; then what Degree the Shadow of the Pin cuts, thac is the 


Swr's Altitude at that time : So then to obſerve his Meridian Altitude ( which is always 


at 12a Clock ) you mult abour Noon wait till you ſee the Sun at his greateſt 4/:i- 
zude, for that ( in thels temperate Zones ) is the Meridian Altitude. 


The Meridian Altitude being obtained, the Latitude 7s thus found. 


Add the Meridian Altitude and the Sun's Declination together, if the Declination 
be South, ( or ſubtract the Declination trom the Meridian Altitude, if the Declination 
be North, ) and the Summ or Difference ſhall be the Complement of. the Latitude of 


the Place. Thus, 
P D. M. D. M. 


The Meridian Altitude being $99 and the Declination 4 x - = — _ the 
Complement of the Latitude will be found to be 3$ deg. 3o min. which taken trom 


go deg. leaves 51 deg. 30 min. for the true Latitude. 


5. To find the Hour of the Day. 


Firſt, Set the Hand-Ring to the Latitude of the Place, and the hole inthe Curſor to 
the Day of the Month, then open the Equizo#ial Circle at Right Angles to the 
Mer:dian Circle, and turn the Axs towards the Hour of the Day you gueſs it to be : 
Then holding the Hand-Ring between your Forefinger and Thumb, guide the Mer:- 
dian Ciccle, by help of your lictle Finger, to the San, fo that the Beams may paſs 
through the hole ot the Curſor, and pierce upon the middle of the Equino#1ial Cir- 
cle, where the Hours, Halves, and Quarters are graduated ; fo ſhall the little ſpot of 
Light there ſhew the Time and Hour of che Day. 


SECT. IV. Of the Crels-Staff, or Fore-ſtaff. 


The Deſcription of the Croſs-Staff. 


T5 Staff is made in length about three Foot, and four Square, each Side being Fig. IV. 
. about half or three quarters of an Inch ſquare broad : Each of theſe Sides is | 
divided into unequal Parts, as a Line of Tangents is, 
D. D. 

Firſt 


3 10 


The Diviſti- JSecond <. , 10 30 
ons of the Third Side begin at <, and end at - 
Fourth ZO 90 

To 


TY 
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To theſe Four Sides belong a "_ Croſs or Vane: As 
D 


L D. D. 
I0 a We a 0 I9 

: o(_ o( Vane, which ſerves for Jo 20 

To the Side of t uſe th 6oC all Altitudes between Y3 d 60 


90 90 60 90 
The Uſe of this Staff. 


It principally is uſed in taking of the Altitude of the Sun, Moon, or Stars : And ac- 
cording ( as by eſtimation ) you gueſs the Altitude of the Sun or Star to be, accor- 
dingly put upon your Staff the Tranſome proper for ſuch an Aiitude. 


How to make your Obſervation. 


Hold the end of your Staff to the corner of your Eye, and there let it reſt upon 
* the Eye-Bone, as near the Centre of your Eye as you can with convenience, fo 
that it hinder not your Sight : Then look to the upper end of your Croſs, to the 
Sun or Star, and at the lower end of the Croſs for the Horizon ; but if you cannot 
ſee the Horizon at the lower end, but you ſee all Sky and no Water, then draw your 
Croſs a little nearer to your Eye : but, on the contrary, it you ſee all Water and no 
Sky, then flide your Crofs a little from your Eye, and then make Obſervation again 
as before: Then if you ſee the Centre of the Sun or Srar at the upper end of the 
Croſs, and the Horizon at the lower end, then your Croſs doth ſtand as it ought; 
Then wait till the Sw7z be upon the - Meridian, and make Obſervation again as often 
as you think convenient ; and as you find the Sus to riſe higher, draw your Croſs a 
lictle nearer to your Eye ; but if the Swn be fallen, then you will not ſee the Hori- 
zn, for the Water will hinder ; and in ſuch cafe you muſt not alter your Croſs, 
but look upon that Side of your Staff unto which your Croſs belongeth : and thoſe 
Degrees and Minutes that the Croſs doth ſtand at upon its proper Side of the Staff 
is the Meridian Altitude for that day. | 


SEC TI. V. of the Quadrant, or Back-Staff. 


The Deſcription of the Quadrant. 


Fig. V. fr Suadrant is the principal Inſtrument now in Uſe at Sea, for taking the Me- 
ridian Altitude of the Sun : It was the Invention of one Captain Daws, an En- 
gliſh Man, and called Davis's Quadrant. | 


The Parts of this Inſtrument are Two. 


(t.) Three Vanes ; and (2.) Two Arches. 

The three Vanes are, (1.) The SightVane. (2.) The Horizontal Vanes. ( 3.) The 
Shade-Vane. 

It is called the Shade-Vane, becauſe in time of Obſervation it giveth the Shadow 
upon the Herizontal-Vane : And the Sight-Vane is 1o called, becauſe it is placed at the 
Eye in time of Obſervation. | 

The leſſer Arch is called the Arch of 60 deg. arid the greater, the Arch of 50 deg. 
which together make 9o deg. and from thence it is denominated a Ouadrayr. 

The 60 Arch may be divided into 60 deg, but every Fitth is ſufficient, and num- 
bered downwards by 10, 20, 30, &c. to 60. The greater Arch is called the 
- Arch, and isdivided into 3o deg. and by Concentrick Circles and Diagonal Lines 
ub-divided into 5 or 10 min. 


The Uſe of the Quadrant. 


Firſt, Put the Horizontal-Vane upon the end of the Quadrant ; and then the upper 
edge of the Shade-Vane cpon the 60 Arch, at ſome even 5 or 10 deg. as you ſhall 
| fee 
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ſee cauſe ; and laſtly, put the Sight-Vane upon the 30 Arch. Your @uadrant being 
thus ficced, when you begin to take the Alticude with ir; you muſt turn your Back 
ro the Sun, and hold the Handle of your Quadrant with the Sight-Vane to your Eye, 
as upright as you Can. ; 

Then look through the Sight- Vane upon the Horizon: Vane, and bring the upper 
part of the Shade to lie upon the upper part of the Edge of the Slic of the Horizon- 
Vane, and at the ſame time look for the Horizon through the Slit of the Horizon- 
Vane ; and if you cannot fee the Horizon, bur all Sky and no Water, then pur your 
Sighe-Vane a licele lower ; but if you ſee all Warer and no Sky, then put your Sight- 
Vane a little higher ; and when you have done fo, obſerve again ;- and then, if you 
ſee the Shade fall upon the upper part of the Slit of the Horizon-Vane, and act the 
ſame time you ſee the Horizon through the Sight Vane, it is all at preſent you have 
to do. 

Then wait till che Sun be upon the Meridian, and make Obſervation as often 5s 
your Judgment thall chink fit, until you find the Sun at che higheſt ; tor if the Sun be 
fallen, and you go to obſerve, you will not ſee the Horizon, for the Water will hide irc 
trom you : Thenlook whar Degrees do ſtand by the upper Edge of your Sight- Vane, 
and add them to the Degrees to wi1ich you ſet your Shade Vane, and their Sumin is 
che Diſtance of the upper Edge of the Sun from the Zenith; to which Summ if you 
add 16 min. for the Sun's Semidiametre, you will have the true Diſtance of the Sun's 
Cencre from the Zenith, whoſe Complement is the Sun's Meridian Alticude : But if 
you obſerve by the lower part ot che Shade, then ir is the lower Limb of the Sun 
chat gives the Shade : Therefore, if you obſerve by the upper part of the Shade, 
you muſt add 16 min. but if by the lower part of the Shade, you muſt add or ſub- 
* tract 16 min. to or from the obſerved Altitude, and the Summ or Remainder is the 


Diſtance of the Sun's Centre from the Zenith, br the Complement of the Meridian 


Altitude, 
There are other Inſtruments for taking of the Altitude of the Sun and Stars; as 


the Plough, the Aſtrolabe, the Demi-Croſs, the Bow, &c. whoſe Deſcriprion I here pur- 
poſely omit, as being, moſt of them, not made uſe of by our Ergliſh Navigators. 


SECT. VI. Of the Notturnal. 


Here are ſeveral forts of Ne&#urnals, of which ſome are Proje&ions of the Sphere, 

as the two Hemiſpheres mentioned in the Second Part of the Third Book of 
Praftical Aftronomy ; but with Seamen there are only Two, which they generally 
make uſe of, and the manner of uſing of either of them is the ſame. Oae of them 
- isficted to be uſed with the Norrh-Star, and the firſt of the Guards in the Little Bear ; 
the other for the Nor:h-Star, and the Guards, (or Pointers, as fome call them,) of the 
Great Bear. | 

The Nodturnal confiſts of three Parts,or Piecees of Wood or Braſs, the largeſt of 
which hath a Handle to hold it by when you would obſerve, and oppoſite to the 
Handle a ſmall Tooth or Point, which (if it be made for the Little Bear) ſtands 
againſt the 25th. of Apri/, but if for the Great Bear, againſt the 15th. of February, 
which are the times that choſe Stars come to the Meridian at 12 a Clock at night. 
Upon this bigger Piece or Part are two Circles deſcribed, in the outermoſt of. which 
are the Months and Days of the Monch, and upon the innermoſt che 24 Hours of a 
natural Day ; and upon the back fide of this part alſo are deſcribed and marked with 
Letters the 32 Points of the Compaſs. 

The ſecond Part of the Notturnal hath two Circles deſcribed upon ir; the outer- 
moſt whereof is divided into 29 and a half equal Parts, for the Days of the Moons 
Age, and the innermoſt into 24 Hours ; and at the beginning of the Days of the 
Moons Age, and at XII, there is a Tooth to be fer ro the Day of the Month in the 
Upper Part. 

The third Part is an Index with a Fiducial Edge iſſuing from the Centre, and muſt 
be ſo long that a good part of it may extend beyond the outermoſt or biggeſt Piece. 
Theſe three Parts are fo ordered, that by help of a ſmall hollow Braſs Socket they 
are made to move about the Centre of the Inſtrumene 3 all which do plainly appear 
11 the Figure thereof. | | 
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The Uſe.of the Noftturnal. 
I. To find the Hour of the Night. 


Set the Tooth which is upon the middle Part to the Day of the Month ; then 
looking towards the North, hold up the Inſtrument” as upright as you can, the Fore- 
ſide being towards your Face: Then bow the upper pare of the Neturnal where the 
Tip is, ſo much cowards you, that through che Hole which is in the Centre of the 
ical ou may ſee the North or Pole-Star, and there hold it faſt, turning the 
long dex about, till by the Edge thereof you can ſee the firit of the Guard: of the 
Little Bear, or the Pointers of the Great Bear, \ according to which Bear the Inſtru- 
ment is made ;] then ſhall the Edge of the Þdex or Ruler ſhew upon the innermoſt 
Circle of the Middle Part the Hour of the Night. 


Il. To find upon what Point of the Compaſs the Guards are. 


When you have obſerved and found the Hour of the Night, as is before directed, 
let the Long Ruler or Isdex reſt in its place that it was in when you obſerv'd the Hous, 
and then turn the Back-ſide of che Inſtrument, and upon what Point of the Com- 
poſs the Index lies, upon that Point of the Compaſs were the Guards at the time of 


your Obſervation. 


II. To find at what Hour the Moon will be upon the South Part of the 
Meridian, at any Day of her Age. 


| Seek the Days of the Moon's Age upon the outermoſt Circle of the Middle Piece, 
and right againſt it, in the innermoſt Circle of that Piece, is the Hour required. 


Example. If upon the 18th or other Day of May, the Moon ſhall be found to be | 
11 days old, look for 11 in the outermoſt Circle, and againſt it in the innermoſt 


Circle you ſhall find VIII Hours and 4s min. at which time the Moon will be upon 
the Meridian when ſhe is 11 days old. : 


— 


CHA P. III. 
Concerning the Finding of the Latitude at Sea. 


= the Fourth and Fifth Se&1ons of the foregoing Chapter you have the Deſcription 
and Uſe of the two principal Inſtruments tor raking the Alrticudes of che Sun or 
Stars, either upon the Meridian, or upon other Points of the Compaſs : Ir reſtech 
now to ſhew, how theſe Obſervations are to be applied co Practice, in finding of the 
Latitude : For the obtaining of which, by the Meridian Altitude of the Sun or of a 
Star, mind theſe following | 

| ROLES. 


1. Note, That ſo much as the Zenizh (which is always the Complement of the 
Meridian Alcitude to 90 deg.) is diſtant trom the Equino&ial towards the North of 
South, ſo much is the reſpective (North or South) Pole elevated above the Horizon, 
and thar is called LATITUDE. | 

2. It the Sun or Star have no Declination, the Zenith Diſtance (or Complement 
of its Meridian Alticude) is the Latitude : And then, If the Sun or Star be upon the 
North part of the Meridian, the Latitude is South ; if upon the South part of the 
Meridian, the Latitude is North. | 

3. It the Sun or Star bein the Zenith, then the Declination of the Sun, or of that 
Star, is the Latitude : And if the Declination be Northerly, the Latitude is North 3 
it Southerly, South. 

4. In all other Caſes, the Poſition of the Zenith, the Equine#ial, and the Sun or 
Star, are to be conſidered ; as, (1.) Whether the Zenith be between the Equinoctial 
and the Star; or, (2.) The Star between the Equinoial and the Zenith; or, 
(3.) Ihe 
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(3.) The Equinottial between the other two : For, according to theſe ſeveral Situati- 
ons muſt the Rules for finding the Latitude be varied. But the Poſition of the Zenzth 
is known, it being, always, the Complement of the Meridian Alcicude to go deg. 
and by chat, and the Declination, the Latitude may be obtained. 

5. If the Declination of the Sun, or of a Star, be North or South, and the Meri- 
dian Altitude obſerved be the ſame way with the Declination, the Difference be- 
tween the Declination and Zenuh Diſtance is the Latitude towards that Coaſt, North 
or South, as the Declination is. 

And that theſe Rules (here deivered) may be made obvious in all Caſes, I ſhall 
give particular Examples of them in the following Schemes; in all which, 


HA Z P ON repreſenteth the Meri- | Z. the Zenith, 

dian. N che Nadir. 
F. « the Equinodtial. H the South Point of the Horizon. 
K A the Parallel of Declination. O che North Point thereof. 
H O the Horizon. HK, or O K, the Meridian Altitude, 
PS the Axw of the e Equator or World. | Z K the Zenith Diſtance. 
ZN che Prime Vertical Circle. A K the Sun or Stars Declination. 
P the North Pole. 2 AX, or O P, the Latitude. 
S the South Pole. 
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Ts be: ; Deg. min. « 
Fir, I. The Zenir> being between The Declination North 23 30 XK. 
the Equino&ial and the Sun ore The Zenirh Diſtance North Ss 30 ZK. 
dear, tt he Latitude North I5 oo Z AF. 
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Fig. V. The Summ between the 


But if the Declination be leſs than the Zenich Diſtance, then the contrary Pole to 
the Declination 1s elevated. 


| LEES: ; The Zenith Diſtance *1-:20 & K. 

Fig. W. Tine -- 1--momyad Een tHe The Declination South 20 oo A K, 
Zenith and the Sun or Star, be ENT. Ince 

| EF he Latitude North 51 3o P O. 


Fig. IT. The Zenith berween the 


Equinofial and the Sun or Star, [he Declination North 20 co MK. 


The Zenith Diſtance North 30 co Z K. 
_ Latitude South Io oo Z FM. 


But if the Zenith Diſtance be contrary to the Declination of the Sun or Star, the 
Summ of the Zenith Diſtance and Declination is the Latitude North or South, 
as the Declination is. 


The Zenith Diſtance South 


| | 1 30oZK 
" Hu br ++ po the The Delination North C -_ F K 
: ; The Latitude North 51 3o Z FM. 


Meridian Alticude North s 320 OK. 


Latitude North | 75 oo OP. 


Declination North its Comp. 66 3oPK. 
Zenith and the Equinoettal, 


But if the Meridian Altitude be more than the Declination, ſubtract the Zenith Di- 
ſtance from the Complement of the Declination, and the Remainder is the 
Height of the Pole, North or South, with the Declination. 


; | The Declination North 8&0 oo A K. 
Fig. = prong as, oh Zenith Diſtance North 5 00 Z Ke 
| =y : " (The Latitude North 75 00 Z A. 


But here note, That which way ſoever the Meridian Altitude be, if the Meridian 
Altitude and twice the Complement of the Declination, (added together,) be 
leſs than 180 deg. the Sun or Star hath two Meridian Altitudes 3 and by the 
Second Rule you may have the Latitude. | 


; The Meridian Altitude - oHK 
Fig. VII. The Sun or Star between Jn. 1;ation North 62 deg. x oo K P 
the Equino&ia! and the Zenith, Its Complement twice [ 28 00K A 


Ce Em 


The Summ is 133 oo H A. 
Which being leſs than 180 Degrees, therefore, 


The Zenith Diſtance South 13 oo K Z. 
m_ Declination North 62 oo AK. 


The Latitude North 75 00 Z AM. 
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CHAP. IV. 


Concerning the Vulgar Notes of the Julian Year, the 
Motion of the Sun and Moon, with brief Rules and 
Tables to find them for ever ; and of their great 
Uſe in Navigation. 


F ſome of theſe T have had occaſion to ſpeak in the Fourth Book of COS MO- 
O GRAPHY, and alfo in the Second Part thereof, and alſo at the end of this 
Sevench Book : Thoſe of the YVulger Notes that I ſhall ſpeak of here, are theſe: 


I. Of the Prime or Golden Number, whereby to find the Conjunttions, Oppoſitions, 
| and other Aſpects, berween the Sun and Moon. EDIT» 
I. The Solar Crrcle, (or Cycle of the Swn,) whereby to find the Dominical Letter. 
II. The Epa#, whereby the Ditference between the Scar and the Lamar Tears is 
equared. | p< 


SECT. I: Of the Prime, of Golden Number. 


His is a Circle or Revolution of 19 Years, in which time the Ancients thought 
chat all the Lunations and Aſpe#s between the Sun and Moon did return to che 
ſame place they were at 19 Years before : But Experience hath found the contrary ; 
for they will ſometimes differ 10, 12, or more Hours ; notwithſtanding, for the Pur- 
poſes hore intended, they will be tufficiently exat. 


Meton (tb Athenian) fr/# thi Circle fomnd, 
Which Nineteen Civil Years dewolveth round : 
For all Lunations make return therein, 


Nigh to the Place where firſt they did begin. 


To find this Number for any Year paſt or to come, add 1 to the Year of our 
Lord, (for this Number was 1 at the Birth of onr Saviour,) and divide by 19, the 
che Quotient will tell you how many Revolutions this Circle hath made ſince the 
Birth of our Saviour, and the Remainder 1s the Prime or Golden Number for the Year 
enquired. 

& in the Year 1691 add r to it, it makes 1692 3 which divide by 19, the Quo- 
tient is 89 ; which ſhews, that ſince the Birth of Chriff, this Cycle hath made 8g 
compleat Revolutions, and 1 more of the goth. which 1 remaining, is the Prime or 
Golden Number for the Year 1691. 
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The Uſe of this Table. 


In this Table you have, in ſix little Columns, all Numbers of Years, ſucceflively 
roceeding, from 1 to 100, by 1, 2, 3, 4, &c. to99:; — And in two Rows at 
the Head of the Table, han have all Numbers of Hundreds of Years, ſucceflively 
increaſing, from 100 to 3800, in this order, 100, 200, 300, &c. to 3800. 
Now the Uſe of this Table is plain : For if you find the Hundreds or Thouſands 


of Years propoſed in the Head of the Table, and the other odd Number of Years 


in any of the fix little Columns on the Left-hand of the Table, in the common An- 
gle, or meeting of thoſe two, you have the Prime for chat Year. 

Example 1. I would know what was the Prime or Golden Number is the Year of our 
Lord 1529.— Look for 1500 in the Head of the Table, (which you will find in 
the Fifteenth Column,) and look for 29 on the Left-hand of the Table, (which you 
ſhall find in the ſecond of the ſix little Columns,) and right againſt 29, and under 
1500, you ſhall find 10; and fuch was the Prime or Golden Number for the Year 
1529. ; 
nk 2. Let the Prime or Golden Number be required for the Year 26752.-— Look 
for 2600 in the Head of the Table, and for 72 in the Left-hand ſmall Columns, 
and againſt 72, and under 2600, you ſhall tind 13, which will be the Prime for the 
Year 2672, &c. 
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SECT. I. Of the Solar Circle, or Cycle of the Su: 


T* IS Circle maketh its periodical Revolution in 28 Years; and was invented, 
more to find thereby the true order of the Dominical Letters, than to ſhew any 
great Changes of the Sun's Motion therein. 

Seven Hebdomaick Letters uſed be, 

And thoſe are A,B, C,D, E, F, G: 

The Solar Circle ſhews ws which to call, 

The Sunday-Letter, or Dominical. 7 

To find this Number for any time ; add 9 to the Year given, and divide by 28, 

the Remainder, atter the Diviſion is ended, ſhews the Cycle of the Syn far that 


Year. 
So in the Year 1691, addg toit, and it makes 17co ;. which divided by 28, 
gives 60 in the Quotient, and 20 remaining ; which 20 is the Cycle of the Sun for the 


Year 1691. 
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The Uſe of this Table. | 


This Table, in its Uſe, differeth lirtle from the former, for if you find che Hun- 
dreds, or Thouſands of Years in the Head of the Table , and the odd Tens of Years 
in any of the Four leſſer Columns to the Left-hand 3 in the common Angle, or met- 
ing of theſe two, is found the Dominical or Swnday-Letter for that Year. 

Example 1... I'would know what the Dominical-Letter was m the Near of our Lord 
1626— Look for 1600 in the Head of the Table, ( which you will find in the Third 
Column, ) andlook for 26 in the Four ſmall Columns, (which will be found in 
the Firſt of the Four Columns, ) and right againſt 26, and under 1600, you ſhall 
find A ; which was the Dominical- Letter for the Year 1626. | 

Example 2. What will the Dominical-Letter be in the Year 1864.-— Look for 1800 
in the Head of the Table, and for 64 in the Four ſmall Columns, and againſt 64, 

and under 1800, you ſhall find E ID, which are the Dominical-Letters for that Year. 
And becauſe it hath two Lertters, it appeareth to be a Leap-Near : The firſt Letter E 
being in Uſe till the 24th. of March, and the latter D, to the end the Year. 


SECT. Il. Of the Epact. 


| T HE Eped# is a Number never exceeding 30, becauſe the Avon between Change 

and Change never exceeds 3o days, and thereby the common Lunar Tear, con- 
ſiſting of 13 Months, is leſs than the Solar Year by 11 days; for to every Month are 
attributed but 29 days and a half: fo that a Lunar Tear containech but 354 days; 
and*the common Solar Near conſiſting of 365 days, exceederh che other by 11 days : 
from whence the Epa# taketh its Original. 


Epatz from ime, is deriv/d, 
They'r adventitions Days fitly contrrud 
To adequate the Difference that appears, 
| Betwixt the Solar ani the Lunar Years. 


To find the Epa# for any Year, you muſt by Se&#ion T. find the Golden Number 
for that Year; which multiply by 11, and divide the Product by 3o, the Remainder, 
after the Diviſion is ended, ſhall be the Epa# for that Year. 

So in the Year 1691, the Goldes Number for that Year is 1 ; which multiplied by 
I1, the Product will be 11 ; which ſhould be divided by 30; bur being lefs chan 3o, 
11 is the Epad? of the Year 1691. | 


| TABLE III 


Likewiſe in the Year 1694, the Golden Number for that |__| 


Year is 4; which multiplied by 11, the Product is 44;-and | a Tg 
that divided by 3o, the Quotient is 1, and 14, the Remainder, | ,.. Fo 4 pats; 


15 the Epatt for 1694. — 
1650 29 


The Ule of this Table: Seek the Year of Chriſt in the 1691 It 
Firſt Column of the Table, and right againſt it, in the Se- '__1592 12 
cond, you ſhall have the Epa&. 1693 I3 

| I 964 14 
Soin the Year 1691, I would know the Epa#t for that | 1695 25 


Year, ſeek for 1691 .in the Firſt Column, and right againſt 1696 IG 
it ſtands 11; which is the Epa# for the Year 1691. 1697 17 
| | 1698 18 
If you would know the Epa# for any Year after 1908, 7 ROO 
you muſt begin the Column of Years again, calling 1690. = ce rt | 
1709, &c. So ſhall the Epad for the Year 1712 be found to oats WO 
be 3, and of 1522 to be 23, ec. | —__— —_ 
| : 1702 | 12 
And here note, That the Golden Number, the Cycle of the REST of &E; 
Sun, and the Dominical Letter, take their beginning every RI. 4.1. nl RR. IE] 
Year on the Firſt of Fanuary : but the Epad# taketh its | 1705 I5 
beginning not till the Firſt of March. , 1706 26 
| 1707 7 
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T A B LE: 1 
A TABLE ſhewing in what Sign and Degree of the Zodiack 
the Sun is every Day in the Year at 12 at Noon. 
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The Uſe of this Table. 


The Uſe of this Table is very eafie, for if you find the Month in the Head of the 
Table, and the Day of the Month in the firſt Column, cowards the Lett-hand, in the 
common Angle of Meeting you have the Sign and Degree in which the Su» is that 


Day at Noon. 
Example. On the 4th. of February, look for February at the Head of the Table, and 


4 in the firſt Column; then under February, and againſt 4 in the firſt Column, you 
ſhall find 26, and the Character of » Piſces at the Head, which ſhews the Sun 15 in 
26 deg. of Piſces on the 4th. of February at Noon.— Alto, upon the 17:h. of Ofeber 
the Sun will be found to be in 4 degrees of nr Scorpio, &C. Dn 
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4A TABLE ſbewing the Day, and Hour of the Day, upon which the Moon Changes in MM 


d may indifferemly ſerve for the Purpoſes it in this place inten- 


Month, till the Year 1702; an 

ded, till the Year 1721- 
#99 8 LF +161 
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The Uſe of ths TABLE, 


F you would know on what Day of the Month the Moon Changeth in any Year, 
| look in the Table for the Year of our Lord in the firft Column towards the I cefte- 
hand, and for the Month in the Head of the Table, and againſt the Year, and under 
the Month, you ſhall have your detire. | 

Example. | would know upon what Day.of March, in the Year 1691, it will be 
New Moon. Look for 1691 in the firſt Column, and along that Line, under March, 
you ſhall find 19 Days 5 Hours, which ſhews, that the Moon will change upon the 
19th Day of March at 5 a Clock at night, in the Year 1691.—— Apain, I dclire 
to know when it will be New Moon in the Month of September, in the Year 1695. 

' Find the Year 169% in the firſt Column of the 'Table, and in the ſame Line, under 
September, you ſhall tind 23 16, which ſhews that the Moon will change upon the 
23 Day, at 16 Hours alter 12 at Noon ; that is, the 24 Day at 4 in the Morning : 
And ſo of any other. For if the Hours be under 12, it is that Day art ſuch an Hour 
in the Afternoon, or at Night : If che Hours be jult 1 2, the Moon changeth at Mid- 

night; if the Hours be above 12, take 12 from them, and the Remainder will be 
the time of the Moon's changing the next Day in the Morning, as in the laft Example. 

And in this manner you ſhall tind, chat the Moon will change in the Month of Tune, 


in 
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i oe ar 1699, upon the 16th Day, and 20 Hours, from which take 12, and there 


remains $ Hows; ſo that the Moon changeth in the Month of Faxe, 1699. upon the - 


19th Day, at 8 inthe Forenoon or Morning ; and ſo of any other Year or Monch 
in the Table. 

This Table only ſhews you the Day and Hour on which the Moon changeth in 
any Month in any Year ;. but by it you may find 
the Day and Hour when it will be Full Moon, or [To che Time ot che | 
when it enters into any of the Quarters, by help of | New Moon add | D. H 
this Liccle Table. Kg © 7 ORRERITE 

So in the Firſt Example, where in the Year 1691, K regeal Quart. | 7 

or t 


in the Month of March, the Moon changeth upon Full Moon | 14 2 
the 19th Day, at 5 at Night ; then 75 Days 9 Hours Laft Quart. | 22 

added thereto, makes 26 Days 19 Hours, which is | . | 

the 27th Day, at 5 in the Morning 3 and then the |From Moonto Moon | 29 12 
Moon encers into the Firſt Quarter in the Month a 
of 24arch 16g1.— Alſo, in the Year 1698, in the Month} of March, the Moon 
changes on the Firſt Day at $ at Night, to which if you add 75 Days 9 Hours, ir 


' makes 8 Days 17 Hours ; that is, the gth Day, 5 in the Morning, at which 


time the Moon enters into the Firſt Quarter : But if you add co 1 Day 8 Hours, 
14 Days 39 Hours, it will make 15 Days 26 Hours; that is, the 26th Day at 2 in 
the Morning, at which time the Moon will be at Full: And if vou add co 1 Day 
$ Hours, 22 Days 4 Hours, it will make 23 Days 12 Hours, which is the 24th Day 


| at Midnight, at which time the Moon will enter into the Laſt Quarter. And laſtly, 
' If t© x Day $ Hours, you add 29 Days 12 Hours, the Summ will be 3z Days 2x 
' Hours, at which time the Moon wilt change again that ſame Month of March, in 
* the Year 1698. 


SE CT. IV. To find the Age of the Moon. 


T< the Day of the Month in which you deſire co know the Moon's Age, add the 
Epadt for that Year, (if the time propoſed be after the firſt of March; or the 
Epa# tor the Year betore, if the time be in Fanuary or February,) and fo many Days 
more as there are Months from March co the Month propoſed, (including both 
Months :) Which chree Numbers added together, gives the Age of the Moon, if ic 
be under 30; bur if the Summ be above 3o, caſt away zo, and the Remainder is the 
Moon's Age.—— This Rule 4s true when the Month hath 31 Days in it; bur if the 
Month have but 3o Days in it, then from the Summ caſt away but 29, and the Re- 
mainder will be the Moon's Age. | 


Example 1. I deſire to know the Age of the Moon upon the Ninth of May in the Year 


i691 o 
. CThe Fpad# for that Year is I1 
1691 < The Days of the Month May 9 
The Months from March to May 3 
The Moon is old | 23 Days. 
Example 2. Let the Moon's Age be required upon the Eighteenth Day of June in thi 
Tear 1700. 
The Epad for that Year is 20 
1700 4qThe Days of the Month Fune are 18 
The Month from March co June inclufive 4 


| $9 ——— 


The Summ is 42 
From which ſubtract 29, (becauſe Fune hath j 29 
hath but 3o days) 


The Remainder 13 is the Moons Age - 13 Days. 


The Mon's Age may alfo be found by Table V. For if you look into that Table 
upon what Day the Moon changed next before the time propoſed, count how many 
Days 
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Days arercontained berween the Day of the Change and the Day propoſed, and 


thole.arethe Days-of the Moons Age. 
i Rid knowledge: of -che Moon's Age many neceſſary Concluſions, uſetul in Na- 


w1gation, may be performed ; as ſuch as tollow. 


SECT. V. To find at what Four the Moon will be South 


at any time. 


Ultiply the Moon's Age by 4, and divide the Product by 5, the Quotient will 
M-@: you the Hours, and the Remainder multiplied by 12, the Minutes. 'Lhis is 
when the Moon is lefs than 15 Days old 3 if ſhe be above 15 Days old, ſubtract 15 
cherefrom, and work with the Remainder, as before. 

Example. At what time upon the Ninth of May, 1691. will the Moon be upon the 

Meridian ? WE 

Upon that Day the Moon is 23 Days old, from which take 15, the Remainder is 
$, which multiplied by 4, makes 32, which divided by 5, the Quotient is 6 Hours, 
and the Remainder 2 multiplied by 12, gives 24 Minutes ; ſo that the Moon will be 
South at 24 min. after 6, upon the Ninth of May, 1691. 

Note, That if the Moon be lefs than 15 Days old, ſhe cometh to the Meridian be- 

fore 12 at Night ; if juſt 15 Days old, juſt at 12 at Night; if above 15 Days 
old, after 12 at Night. 


SECT. VI To know how many Sizns and Degrees the Moon is 
departed from the Sun ſince her laſt Conjun&tion with him. 


Ultiply the Days' of the Moon's Age by 2, and the Produd divide by 5, 
| the Quotient ſhall be che Number of Signs 3 and the Remainder (if any be) 
every Unite 1s 6 Degrees. 
Example. Upon the Ninth of May, 1691, I deſire to know how wany Signs the Moon 
is departed from the Sun ſince the laſt Conjunttion or New Moon. | 
Upon the Ninth of May, by the former ' Directions, I find the Moon is then 23 
Days old, which mulciplied by 2, (or doubled,) is 46; this divided: by 5, gives in 
the Quotient 9 Signs and I remaining, which is 6 Degrees; ſo that the Moon is 
departed from the Sun ſince her laſt Conjun&tion with him 9 Signs and 6 Degrees. 


SECT VIL To find the Time of the Moon's Shming. 


M43 the Moon's Age by 48, and divide the Product by 60, the Quotient 
ſhall give you the Hours, and the Remainder the Minutes at the Time of the 
Moon's Shining. — This is when the Moon is leſs than 15 Days old : If ſhe above 15 
Days old, ſubtract the time of her Shining found, as before, from 24 Hours, and the 
Remainder will be the time of her Shining in the Morning. 

Example 1. How long will the Moon ſhine upon the Eighteenth of June, 1670? 

The Moon that Day is 13 Days old; that multipled by 48, the Product is 624, 
which divided by 60, the Quotient gives 10 Hours, and the Remainder 24 min. for 
the time of the Moon's Shining at Night. | 

Example 2. How long ill the Moon ſhine upon the Ninth of May, 1691 ? 

The Moon that Day is 23 Days old, which multiplied by '4$, the Produtt is 
1co4, and that divided by 60, gives in the Quotient 15 Hours, and 24 min. re- 
maining ; Which ſubtracted from 24 Hours, there remains 5 Hours 36 min. tor the 
time'of the Moon's Shining in the Morning. 
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A TABLE ſhewing at any Day of the Moon's Age, 
at what time the Moon cometh to the South - 
The tinre of her Shining :——- Her Diſtance fro 
the Sun :— And time of High-water at London- 
Bridge. 
Time of the | The time | The Diſs. High- 
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The Uſe of this Table. © * 


F Ook in the firſt Column , of 'the Table for the Moon's Age for the Time pro- 


poſed ; and againft it,- in-the-Second,. Third, Fourth, and Fifth Columns, you 
ſhall find ſuch things as are expreſſed at the top of each Column. 4 
Example. Upon the Ninth of May, 1691, I deſire ro know the time of the Moon's com- 


ing to the South, &Cc. | 
Hhhh | Upon 
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Upon the 9rhb. of May, 
and right againſt ic in t 
Moon will be South in the 


When the Moon 15 


7 days Old ſhe: 


SE CT. VII. 


he 


Again, 


will be Sozrb ar 5 h. 36 m, in the Afcernoon. 


will ſhine 5 h. 36 m. in the Evcning. 
will be 2 Signs 24 Degrees diſtant trom the Sur. 


the Meon is 23 days old, look for 23 in the firſt Column, 
Second you ſhall find 6 hou. 24 min. at which rime th? 
Morning : — In the Third, 5 hou. 24 min. and fo long 
will the Moon ſhine in the Morning. — In. the Fourth, 9 Signs 6 Degrees; which 
ſhews that the Moon is gone ſo many Signs and Degrees trom the Sup, fince her lait 
Conjunction with. him.— In the Fitth, 9 hou. 24 min. at which time ic will be High: 
Water at London-Bridg. 


will make Full Sea, or High Water at London-Bridg, at 8 hours 
' 36 min. 


£ 
w TO. 0 


* 


Moon 1s. 


$6 


TABLE 


VII. 


To find the Sign and Degree m which the 


XII Signs are 


thus 


You are to note that thel4 | Table of the Moon's Motion in Signs, 
: Degrees, and Minutes, for every Day an 


- 


named ,  charadred; , Hows of her Age. 
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Example. Let it be required to know in what S1gn and Degree of the Zodiack the Moon 
will be upon the 31/ſf. Vay of May, in the Tear 1691. 

Firſt look into Table V, and fee there what Day in May the Moon changed upon, 
which you will find to be upon tht 17h day at'7 at Night ; on which day at Noon, 
by Table IV, you will find the Sur to be 7 deg. of Gem , and in that Sign alſo is 
the Moon at that time; which ſer down as you ſee done in the Example following : 
Then between the 17th. Day 7 Hours, to the 31 Day at Noon, are contained 
13 Days 17 Hours: Then out of this Table VII, take the Moon's Mean Motions an- 
{wering to 13 Days and 17 Hours: Theſe three Numbers added cogether, will give 
the Signs and Degrees in which the Avon 1s. 


The Operation. 


DD: AM. 
1691. Sun and Moon in 5 deg of IT 3:7 00 
Moon's Mean Motion for 13 days a 38-29 
Moon's Motion for 17 hours is © 20 
The Moon's Place 7 19 


That is, in 5 deg. 35 min. of -2 Sagitarims. 


Another Example of this for the Moon's Place upon the 20th of. April 1500. 


The Moon Changes in April the 5th. day, at S. D. M 
17 hours ; at which time the Swnisin 29 deg. FT 


29 min. of Aries : That is ae. 
The Difference between 7 days 157 hours and 
20 days, is 12 days 57 hours 
The Moon's Mean Motion in 12 days 5 0o8 07 
The Mean Motion in 7 hours = 43: £4 
The Moon's Place | & 12 37 


That is, in 11 deg. 29 min. of Libra. 


But here Note, That if the Number of Signs do exceed 12, you mult ſubtrat 
12 Signs, and the Remainder is the Sign in which the Moon is. 
As in this Example, where the Moon's Age 1s 22 days 16 hours, and the Sun's Place 
at the preceding Change in 20 deg. 12 min. x». 


| S. D. M. 
Place of the Sx on the Change day 0.20 13 
The Moon's Mcan Motion in 22 days 9 19 53 
In 16 hours o o8 47 
The Summ 20 25 52 
Subtract 13 00-00 
Moon's Place s 18 52 
That is, in m 28 deg. 52 min. Scorp1o. | 
ne &S 


CHAP. Y. 
Concerning the T ides. 


HE true knowledge of the 7:des in all places is a matter of great moment : 

et nothing more negle&ed, or ſlightly paſſed over than that is : For the uſual 

way for finding of the Tides is not ſufficiently exact : For there is one onely General 

Rule uſed, which is erife only under the Poles, where the Equino#ial and Horizon are 

the ſame: And it alſo ſuppoſes, that the departure of the Moon from the Sun were at 
all times equal : In both which reſpects the Rule is deficient. 

For in the Latitude of London 51 deg. 30 min. where a S.J. or N. E. Moon makes 

a full Sea, and that is at 3 of the Clock; and this is true when the Moon is in Arias 

or Libra, (or neat thereto, and hath no Latitude; ) but, in the ſame place, the Moon 

being in Cancer, and having 5 deg. of North Latitude, it will be 30 min. paſt 10 of 

the Clock before the Moen will be N. E; which ſhould be at 9 2 Clock, by the 

Hhhh 2 vnlgar 
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x hour 30 min. And it will be S. 7. at 30 min. after x, 


ulgar Rule, too late by ' 
vuig ) Y And if it be in leſſer Latitude, as in 20, 30, or 


which is 1 hour 30 min. too ſoon. 


dep. the Error will be ſtill greater. 
Now to corre this Error, & 4 beſt way is to reckon the time of high Water by the 


time of the day, and not by the A4con's being upon ſuch a Point of the Compaſs : 
For the Table following ſhews, that at the New or Full a S. 7. Moon makes a Full 
Sea at Londow-Bridge, and that is at 3 of the Clock : Ic is true, that upon the days of 
the Full or Change, it is High-Water at London-Bridg at 3 of the Clock : But if you 


ſhould ſet your Compaſs at '3 of the Clock, you ſhall not find the Moor to be al- 


ways S.IW. 
As, take a New Moon in Fune, and a Full Moon in December, the Moon being then 


about the Tropick of Cancer, and you ſhall find the Moon ( ar London ) tobe S.IW. at 
; quarters of an hour paſt One a Clock, and then the oor will be S S 7, which is 
ewo Points farther. - | 

It is to be obſerved alſo, That there is a conſiderable difference between the Spring 
and Neap-Tides, in reſpect of Time : for the Neap-Tides will be ſometimes an hour or 
more ſooner than the the uſual Tables and Inſtrumenrs ſhew them to be. 

So the Moen being in the firſt Quarter, the foregoing Table VI ſhews the time of 
High-Water at Londen to be about 9 of the Clock ; but if you obſerve the time of 
the Tide there, you ſhall find it to be High-Water before 8 of the Clock: And doubt- 
leſs the like, or M it may be) greater difference is in other Places alſo : And therefore 
to know the true time of the 7:ides, make uſe of this little Table inſtead of that in the 
laſt Column of Table VI; wherein ſome Minutes are ſubtracted from the Time there 
found, which will render this Table far more exact: it being done by the long Ob- 
ſervation and Experience of my loving Friend Mr. Henry Phillips, deceaſed, who li- 
ved for many Years upon the lame Bridg, and made many Experiments about this 


mateer. | 
A Table, ſhewing the time of | 
High-Water a London- 
Bridg, correFed. | 
; "Har OE 
I 16, 3 48 
2 T7 1-4 {88 
3 g 1%] 5 8 _ 14 
$: 9 19]. 5 3 ye 
5: 20] 6 7 90 
bi 7] 7-3 
T0 413}; 7 3. 0 
8 8 23\| 8 = 24 
= ha” 

R ”: 0 a4 9 FT 27 
io: ww 25|[ 10 B 20 
IT 26 | I1 = 28 
i» 7 t2- & —s 
i2 A 2 I 2 2g 
I4 29] 2 © n 1 
15 zol' 2 O | 


A Tide- 
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Part I. | 
[4 Tide-Table, ſhewing upon what Point of the Compals the 
Moon being , and alſo at what Hour of the Day it will be 
Full Sea, upon Yhe Full or Change-Day, in. ary of theſe 
Ports. a EN 
[Points of the | Time of 
\Compaſs ma- Names of Places. _ Day. 
| king full Sea. H. M. 
S byE Rye, Wilchelſey, Cal(hot, IT 15 
S by W Roche#ter, Maldon, Black-tail. oO 45 
SSE F Yarmouth, Dover, Harwich. Io Z3O 
SSW Graveſend, Downs, Blackneſs, Silly. x: 30 
{SEbzS {Needles, Orftrd, S. and N. Foreland:. 9 45 
SW by S*® | Dundee, $. Andrews, Lishon, $.'Lacas. _ TS 1 
S E Pool, Iſle of Man, Dunbar, Diep. 9 © 
S W London, Tinmouth, Amſterdam, Rotterdam. ; 17 
S by W Portland, Hartflew, Dublin. IS 
S W by.W Barwick, Fluſhing, Hamborough. F 7 
ESE Milford, Bridgwater, Land's- End. 7. '.:.30 
WSW Baltimore, Cork, Seavern, Calice. 4 30 | 
| E by S Briſtol, Start-Point, Waterford. 6 45 
W byS Falmouth, Humber, New-Cattle. Fs 5 | 
W and E | Plimouth, Hull, Lyn, $. Davids. 6 ol 
| N and S | Dueenborough, Southampton, Portſmouth. | 12 o 


| The Sea hath fits, Alternate Gaye ſhe keeps, 

From Deep to Shoar, and from the Shoay to Deeps : 
Whether it were, that at. the fir the Ocean | 
From God's own Hand receiv'd thi double Motion 
Or, whether Cynthia, that with Changeful Laws 
Commands moiſt Bodies, doth this Motion cauſe. 


The End of the firſt Part: 
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_ Plam-Sailing. 


The Docrit1 xe of RicuT-LInNED T RIaNnGLES 
is applied ro Practice, in the Solution of ſundry 
Nantical Problems and Queſtions in Plain-Satling. 


All which are Performed 


I: By Protrattion, with Scale and Compaſſes. 

Il. By Trigonometrical Calculation, either by Tables or Proportional 
Scales. = 

IM. Wrought upon the Chart it (elf. 


HE Nautical Problems which TI intend in this Treatiſe the Solution of, both 
| by Protraftion and Trigonometrical Calculation, ſhall be ſuch as principally 
concern Longitude, Latitude, Rumb, (or Courſe,) and Diſtance. Now, 

LONGITUDE is the Diſtance of a Place from ſome known Meridian, to that 
Place; and is always counted upon the Equino#ial, from the North or South to- 
wards the Eaft or WeFF. 

LATITUDE is the Diſtance of any Place from the Equine#ial, counted upon 
that Meridian Circle which paſſeth over that Place towards either of the Poles, 
either North or South ; and is ſo denominated, North or South Latitude. 

RUM B, {or Courſe,) is the Angle that a Ship in her Sailing makes with the Me- 
ridian of the Place in which the Ship is : But the Complement of the Rumb is the 
Angle that the Ship makes with any Parallel. 

DISTANCE is the Number of Leagues, Miles, or Centeſms, &c. that a Ship 
hath ſailed upon any one Rumb or Courſe. 

In Sailing, | 

It 4 þ _— or Courſe be direAly Eaſt or Weſt, you alter not- your Latitude at 
all. - And, | 

If your Courſe be from the Equino&ial Northward, you continually raiſe the Nerth- 
Pole ; or if dire&tly South, the South-Pole. | 

The Raiſing of the Pole is, when you fail from a Leſſer to a Greater Latitude. 

Depreſſng oft the Pole 1s, when you fail from a Greater Latitude to a Leſſer. 

For the more cafic underſtanding and reſalving the following Problems, it will be 
neceſſary to know that the Rumb or Courſe that a Ship ſteereth is diſcovered (in the 
general) by the Magnerical Needle, which always reſpets the North, and (though nor 
directly, yer) its Variation being often obſerved, and the Card or Compaſs rectified 
thereby,is the helt (if not only) Help that Navigarers yet have to ſteer their Courſe by. 
PROBLEMS 


dw! - ®LAIN S$41LING 


PROBLEMS in PLAIN-SAILING. 


HE Triangle which I ſhall make Uſe of in the Solution of the Six following 
T Problems, thall be the Triangle A B C, whoſe Sides and Angles are as followeth : 


Fig. I. 


(+ | 
;$Poin from the Meridian. 
5 


And foraſmuch as both in Plain and Mercator's Sailing there will be continnal Uſc 
of Laying down and finding the Quantities of Lines and Angles already laid down, 
and how that is to be performed, is ſuppoſed already known ; but for ſuch as do nor, 
I would have chem have recourſe to the Three firſt SeRtions of the Fifth Boyk before- 
going, where thay. ſhall find ample Satisfaction in that Particular ; and fo I ſhell omic 
to ſay any thing thereof in this Place, but immediately proceed co Practice. 


PROBL. I. Sailing 97.5 Leagues upon the Fifth Rumb from the Meri- 
; dian, much ſhall have altered my Latitude ? 


JT. By Protrattion. 


Raw a Line at pleakive, as WE, and upon any Point therein, as B, protrat Fig. L 
an Angle of III Points, (the Complement of V Points, the Rumb given,) as 

the Angle CB A, and upon that Line, by your Diagonal Scale, prick downi 97.5, 

(the Leagues ſailed from B to C.) Then from the Point C let fall a Perpendicular 

upon the Line W E, which will fallin A: Then meaſure the Line C A upon che 

ſame Diagonal Scale, and you ſhall find it to contain 54.3 Leagues; and fo much have 


you altered your Latitude. 
IL. By Trigonometry, Caſe Ill. 
As the Radiae, yo deg. | | IO. | 
Is eo the Leagues failed, C B, 97.5 | . 1.98900 
So is the Co-fine of the Rumb B, 33 d. 45 m. | 9.74474 
To the Difference of Latitude, C A, 54.3 Leagues | X1.73374 


I. IF I { 97.5, Leagues upon the Fifth Rumb from the Meridian, how far 
ave 1 departed from the Meridian from whence I came # | 


I. By Protradion. 


Raw a Line at pleaſure, as N S, and upon any Point thereof, as C, protrat 

an Angle of Five Points or Rumbs, or 56 deg. 15 min. as « C 6, upon which 

ſer the Diſtance ſailed, 97.5 Leagues from C to B: Then from the Point B let fall a 

Perpendicular (or take the neareſt D;/ance) to the Line N S, as B A, which meaſu- 

red upon your Scale, will be found to contain $1.2 Leagues ; and fo far are you 
departed from the Meridian from whencs-yon came. 


Il. By Trigonometry, Caſe IIL 


As the Radias, 90 deg. 10. 
Is eo C B, the D;taxce failed, 97.5 Leagues 1.98900 
S0 iS the Sine of the Rumb, 56.15 m. | | 9.91985 
To the Departure B A, $1.2 Leagues +X1.90885 
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IL If I fail upon the Fifth Rumb till I have altered my Latitude 54.3 
| F044 bow many Leagues have I ſailed ? 


[. By Protraction. 


wrt; draw a line at pleaſure, as W E, and upon any Point thereof, as A, eret a 


Perpendicular, { 
trom AwC -) Then upon the Point C protraet an Angle of Five Rumbs, or 36d. 


15 m. asaC6, and draw the Line C 6, extending it till it, cut the Line WE in B; 
{> ſhall the Line C B be your Diſtance failed, which meaſured upon your Scale, will 


be found to be 97.5 Leagues. . 
I. By Trigonometry, Caſe Il. 


As the Co-ſine of the Fifth Runb, '23 d. 45m. | 9.74474 
Is to C A, the Difference of Latitude, 54.3 Leagues 1.73480 
So is the Rad:ixs, 9o deg. | Io. 
To the Diſtance failed, C B, 97.5 Leagues 1.99006 


Tv. IT ſeil- upon the Fifth Rumb till I have altered my Latitude 54.3 


agues, how much am 1 departed from the Meridian from whence [ 


came © | 
I, By Protrad:on. 


Raw a Right Line at pleaſure, as W E, and npon any Point therein, (as at A,) 
D erect the Perpendicular A N, and upon it ſet 54.3 Leagues from A to C: 
Then upon C protract an Angle of Five, Rumbs, (or 56 deg. 15 min.) as aCb, and 
draw the Line C 6, extending it till it cut the Line W E 1n B; ſo ſhall the Line 


AB, meaſured upon your Scale, be $1.2 Leagues; and fo far are you departed From 


your firſt Meridian. 
IT. By Trigonometry, Caſe IV. 


9 


As the Radims, 90 deg. Io. 


Is to the Difference of Latitude, C A, 54.3 Leagues 1.73480 
So is the Tangent of the Fifth Rumb, 56 d. 15 m- IO.17511 
To the Departure A B, 81.2 Leagues CEA F1.9099] 


Y. Sailing upon ſome Rumb between the South and tle 5 97.5 Leagues, and 
then finding that I have altered my Latitude 54.3 Leagues, I would know 


«pon what Rumb IT have ſtcered. 
I. By Protradun. 


| D jibe a Right Line at pleaſure, as W E, and upon any Point thereof, as A, ere& 
the Perpendicular A N, and upon it fer 54.3 Leagues, the Alteration of Lati- 
rude, from Ato C : Then take in your Compaſſes, from your Scale, 97.5, the Leagues 
failed, and with that D:ance, ſetting one Foot in C, with the other deſcribe the 
{mall Arch c 4, cutting the Line W E in B. This done, by your Scale of Chords or 
Protrattor ſeek the Quantity of the Angle A C B, which you ſhall find to comcain 


56d. 15 m. or Five Points trom the Meridian, viz. $S W by W ; and upon that Kumb 


have you ſteered. 
Il. By Trigonometry, Caſe V. 


As the Diſtance ſailed, C B, 97.5 Leagues | 1.98900 
Is to the Difference of Latitude, C A, 54.3 Leagues 11.7245 

So is the Radius ; OO x 
To the Co-fine of the Remb, 33d. 45 m. 9.74550 


, | vi. If 


as AN; upon which Line ſer 54-3, (the Alteration of Latitude | 
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VI. If 1 Sail upon ſome Rumb betweer the South and the Welt 97.5 Leagnes, 


and then finding that. I have parted from my firſ® Meridian 81.2 
Leagues; I demand how much I have alter my Latitude. 


[. By Protra&1ion. 


Irſt draw a Right Line W E, and upon any Point therein, as at A, erect a Per- 
F pendicular A N: Then take 51.2 Leagues, your departure from your firſt Meri- 
Jian, and ſet them from A toB : Then, for that you have failed 97.5 Leagues, take 
97.5 out of your Scale, and ferting one Foot in B, with the other deſcribe the ſmall 
Arch e f crofling the Perpendicular AN in C. Laſtly, draw the Line CB, fo 
ſhall you include two Angles, viz. A CB, containing Five Rumbs, or 56 deg. 15 
min. and the other A BC three Rumbs, or 33 deg. 45 min. and the Line CA, 
meaſured upon your Scale, will be found to be 54.3 Leagues; and fo much have you 


alter'd your Latitude. 


II. By Triganometry, Caſe VIE. 


(1.) As the Diſtance failed C B, 97.5 Leagues, 1.98900 _ 
Is to your Departure A B, 81.2 Leagues, 11.99955 
So is the Radirs, 90 deg. we { 
To the Sine of the Angle at C, 56 deg. 15 min. 9.92055 
(2.) As Radins, 90 deg. Io. 
Is to B C the Diſtance ſailed, 99.5 Leagues, 1.98900 
So is the Sine of the Angle at B, 33 deg. 45 min. 9.74474 
To the alteration of Latitude C A, 54.3 Leagues, | 1.73374 


Theſe Problems might be enlarged, but theſe are ſufficient in this Place, and there- 
fore L will proceed to the ProtraRting and Calculating of a Zraverſe. 


Of a TRAVERSE. 


' A Traverſe is the variation or alteration of the Ship's Courſe or Way, upon the 
ſhifting of the Wind, or other interruptions of Racks, Sands, or the like. 


VII. A Ship ſails from the North towards the Welt, wpor theſe following 
Points of the Compaſs, viz. 


Leagues. | Points. | 
/1- South Eaſt by Eaſt, half a Point Eaſterly P Ya 3 
2. Eaſt South Eaſt | 4 VI 
3. Eaſt by South 7 VII 
4. Eaſt, half a Point Northerly p VII: 
The Wind Changing ſhe ſteers 
5. South South Weſt 5 IT 
6. South by Weſt 6 I 
. South 4 O 
. South South Eaſt | 7 II 
9. South Eaſt by South | 2 | Hh- 


I demand, (r.) How much I am departed from my firſt Meridian. ( 2.) The Diffe- 
rence of Latitude. (3.) The Diſtance of the two Places upon the Rumb. (4.) The 
ring of the one Place from tho other. 


I. By Protrattion. 


' Upon a Sheet of Paper or fine Paiſt-board, draw a Right-Line N S for your Me- Fig. IL 


ridian, and another at Right-Angles thereunto, as E W, for your Parallel : and let 
: A, the 
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A, the Point of Interſefion of chele two Lines, repreſent the Place from whence you 
ſer Sail. Then, | 


1. The firſt Courſe being SE 5» E, ; a Point Faſfterly, that is 5; Points, or 61 | 
. deg. 52 min. 


from the Median, | Protract an Angle of that quantity, as the An- 
ele b Ac, and upon the Linz As I ſer my tuſt diſtance tailed from A to B, five 
Leagues. 

= Through the Point B, drawa Line B , parallel to the Meridian N S; and upon 
B, Protra&t an Angle of Six Points, or 67 deg. 3o min. z.e. ESE, as the Angle 
e Bd, and draw the Line B e, ſetting thereupon 4 Leagues, your Second Diſtance 


failed from to C. 


2. Through the Point C, draw a Line Cf, parallel to the Meridian N S; and up- 
on C Protract an Angle of Seven Points, viz. E by >, or 75 deg. 45 mih. as g Cf, 
and draw the Line C g, ſetting thereupon your Third diſtance failed, viz, 75 Leagues 


| from Ceo D. 


4. Through the Point D, draw a Line D 5, parallel to the Meridian N S; and up- 
on D Protrat an Angle of 5: Points, ( z. e. Eaſt ; a Point Northerly ) your fourth 
Courſe, or $1 deg. 33 min. and draw the Line D &; upon which ſet 3 Leagues 


(your fourth diſtance failed) from D to E. 
The Wind now ſhifting Norther 


ly. | 
5. Through the Point E, draw a Line E }, parallel to N S, and upon E Protrat 


an Angle /E ms, equal to your fifth Courſe S > W, or two Points, or 22 deg. 3o min. 
and draw the Line Em; upon which ſet 5 Leagues, your fifth diſtance ſailed from 
E coF. | 

6. Through the Point F, draw the Line F », parallel to the Meridian Line N S, and 
upon F Protra&t an Angle » F os, equal to your ſixth Courſe S by W, one Point, or 
11 deg. 15 min. and draw the Line FG, ſetting thereon your fixth diſtance ſailed, 
Vi2. 6 Leagues from F to G. 

#. Your ſeventh Courſe being dire&tly Sourb through G, draw a Line parallel to 
N S, and upon it ſet your ſeventh Courſeailed, viz. 4 Leagues from G to H. 

8. Through H draw a Line H 9, parallel to NS, and upon H Protra& an Angle 
2 Hq equal to your eight Courſe SS E, two Points, or 22 deg. 30 min. and draw 


/ 


che Line H p ; upon which fer your eighth diſtance failed 5 Leagues from H to K. 


9. Through K draw a Line K -, parallel to the , Meridian N'S, and upon the 
Point K Protra&t an Angle v K 5s, equal to your ninth Courſe SE by S, or three 
Points, or 33 deg. 45 min. and draw the Line K v; upon which ſet your ninth di- 
ſtance ſailed from K to L, three Leagues; and fo have you finiſhed your Traverſe. 

The Traverſe being thus finiſhed, you may find, BE 

1. The Departure from the firſt Meridian A P, to be,28.43 Leagues. 

_ 2, The Difference of Latitude P L, co be 15.62 Leagues, | 
3. The Diſtance of the two Places upon the Rumb A L, to be 34.08 Leagues. 
4. -The Bearing of the one Place from the other L A P, to be S EbyS. fere. 


II. By Trigonometry. 
(1.) In the Firft Courſe for the difference of Latitude. 


As the Rad, Sine of 9o deg. 10. 
Is to the diſtance ſailed A B, 5.00 Leagues, IE 0.69897 
So 15 the CorSine of the Rumb b A c, 61 deg. 52 min. | 9.94539 
To the difference of Latitude M A, 4.41. +0.64436 
(2. Inthe Firſt Courſe for the departure. 
As Radizs, 9o deg. | Io. 
Is to the diſtance failed A B, 5.00 Leagues, 0.69897 
So is the Sine of the Rumb b M A B, 26 deg. $ min. 9.67350 
To the departure A O, 2.36 Leagues, F0.37247 


And thus' muſt you Work with all the other Courſes and Diſtances, and colle&t 
them into a Table, as here following : 


Courſes 


#7 eaters 
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| | Numb. |Diſtan-| * | : = 
Conrles of | ce | North. | South. | Eaſt. | Weſt. 
| Points.j Run. | L 
SEbyE: Eaſt = n. ou. 2 3$| 4 41 | | 
ESE 6 4. ©0 t 8-370 
Eby S #9. 06 1 23] 6 86 
Eaſt : North T7; 3. oo] 0. 29 2 95 | 
SSW 2 5 . Od = 4 62 I = 
Shy W I 6. 00 5 Bb 7-89 
South O 4. 00 4+ oc © O90 
SSE 2 7. OO 6 -47[-2;. 08 | 
SEbyS 3 3. 00 2- . 61 4 7 
| The Summs . Po 2928 721. Jo} 3 ob} 
| | o 2513 ov | 
| [Peparl,y : 43 is. 62/DiE.Lar. 


This Table you ſec conſiſts of Seven Columns : the Firſt contains the Courſes or 
Points of the Compaſs you Steer upon.— The Second ſhews how many Points and 
Parts of a Point are contained between it and the Meridian. — The Third contains 
the Number of Lzagues, Miles, ec. failed. — The Four other Columns contains the 
Northing, Southing, Eaſting, or IWeſting of any, Courſe. Ms 

Your Table being thus prepared, You ſee that in your Traverſe, the Firſt Courſe 
ſtcered was SE by E { a Point Eafterly ; which I ſet down in-the Firſt Column of 


the Table — And: becauſe it is 5; Points from the Meridien, fer 55 in the Second 


Column.— And becauſe upon that Courſe, the diſtance rum was:5.00 Leagues, I ſec 
them in the Third Column.— And then finding by my Trigonometrical Calculation, 


' that my differenceof Latitude was Eafterly 4-41 Leagues, I fet 4-4+ in the Column 


under Eft : And mydeparture being 2.36 Leagues Southward, I ſet 2.36 'in the Co- 
lumn under South. * FL 7 | 

Then for the Second Courſe, it being ESE (or 6 Points) and the diſtance 

ſailed 4.00 Leagues, I ſet them down in the Three firſt Columns: and for the 


_ difference of Latitude and departure, I go again to my Trigonometrical Work : 
Saying, | : 


(1.) For the Difference of Latitade. : 
A3 Radins, 90 deg. | 10. 
| bo the Co-Sine of the Rhumb e B 4,67 deg. 3o min. * ' 9.96562 
So is the Diftance-failed B C, 4.00 Leagues, 0.60206 
To the Difference of Latiude, 3.70 Leagues, | 0.597 68 


Which I ſer in the Ea#t Column: And fay, 
( 2.) For the Departure. 


As Radims, 9o deg. | | I0. 
Is to the diſtance ſailed B C, 4.00 Leagues, ; 0.60206 
So is the Sine of the Rhumb, 22 deg. 30 min. | 9.59284 
To the Departure, 1.5 3 Leagues, =p | 0.15490 


Which muſt be ſer in the Column under South. 


And proceeding in this manner with all your Courſes and Diſtances, colle& them 
into a Table, and you ſhall find them as in'the Table before is exhibited. 

This done, add the Leagues in every Column together, and ſet their Summs at 
the bottom: Theh compare the North and South Columns together, as 0.29 Leagues, 
and 28,72 Leagycs, Subtract the lefler from the greater, and the Remainder is the 
Departure, and is here 28.443 T.cagues for A P.— Alſo compare the Eaſ# and Weſt 
Columns together, and they are 21.759 Leagues, and 3.08 Leagues, the leſſer ſub- 


tracted from the greater, leaves 18.62 Leagues for the difference of Latitude. _ 
| en 
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As AP (theDeparture from the firſt Meridian) 25.43 Leagues, 


Is to Radins, Tangent 45 deg. 
So is LP (the Difference of Latitnde;) 15.62 Leagues, 


To the Tavgent of the Rbumb L AP, 33 deg. 13 min. 
That is SE 5; > fere. | 
And for the Diſtance A IL, 


As the Sine of the Rhumb LAB, 33 deg. 13 min. 
[s to the Difference of Latitude L ÞP, 18.62 Leagucs, 


So is Radins 90 deg. 
To the Diſtance upon the Rhumb A L, 34-00 Leagues, 


Trigonometrical Calculation. 


be in 00 deg. ( or the beginning ) of Longitude, Sails 


\ Then for the Rhumb leading from the Firſt Place to the Second, viz. from A to 


—_— 
9.51620 


9.73863 
1.26997 


| » Rs 


— 


1.53134 


How to work a Traverle, by belp of the Table following, without | 


VIII. A Ship being in 47 deg. 30 min. of North Latitude, and counting her to 


- South Eaſt by South . 16 
| South South Weſt | 1 
Ha Eaſt by North . I 
4 North by Eaſt, half a Point —_— 16 
1 North North weſt, halt a Point Weſterly, | 15 
Weſt North Welt 18 
© Sonth Eaft by South 18 
| South South Weſt : I5 
| South Weſt by South I2 
| Weſt South Weſt | 16 


| | Eaſt South Eaſt | 18 


JI 


Leagues. | Points. | 


from the Meridian, or Difference of Longitude. 


Northing, and Southing, as you fec here done. 


BY Courſes ſailed. [cagn ire North. | South. | Eaſt 


! SEbyS 16 | II | 13.30 | 08.89 
| Y 2 — I2.01 
a I IT |] 03.51 17.6 
Nb EF: : 3+5 7-05 
N 
w 


——— x — _—_——_ 


Summs of the Four laſt Col. 
Subtract 


Rem. Difference of I atituds. 


04-97 


Welt. 


Ard it is required to find the Latitude the Ship is in, and the Departure 


| | = prepared a blank Table, and divided it into Seven Columns, as in the 

former Traverſe, and ſet down in the Firſt Column the ſeveral Courſes you 
have failed upon ; in the Second, the Diſtance you have failed ; in the Third, the 
Number of Points from the Meridian; and in the Four laſt, the Eaiting, I!eſting, 
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Your Table being thus prepared, you mult have recourſe to the following Traver/e 
Table 3 and ſeeing that your firſt Courſe was SE byS, that is. III Points from the 
Meridian, and the Leagues ſailed were 16 : Look for 3 Points in the Head of the 
Table, and under it, againſt 16, you ſhall find 13.30 Leagues for the Southing, and 
08.89 Leagues for the Eafting ; which .fet under the Sourh and Ezft Columns, for 
that the Courſe was South-Eaſterly : And thus muſt you doe with all the reſt of the 
Courſes. As for the Fourth Courſe, which is N by E, half a Point Eaferly ; that is, 
1 Point and a half from the Meridian; find 1: Point in the Head of the 72b/e, 2nd 
18 Leagues in the firſt Column to the Left-hand, and againſt it you ſhall find r5.31 
Leagues,for the Norching,and 04.64 Leagues for the Eaſting ; which cet in the North and 
Eaſt Columns, becauſe the Conrſe was North-Eaſterly : and fo of the reſt ; only, if your 
Number of Points be above IV from the Meridian, you muſt then find the Number 
of Points in the bottom of the Table, and the diſtance Sailed in the firſt ar laſt 
Column of the Table, and in the common Meeting you ſhall find the EaFing, Weſt- 
ing, Nerthing, and Southing, as before : As in the Sixth Courſe, which is WNW ; 
that is, VI Points from the Meridian ; find 6 Points in the Foot of the Table, and 18 
the Leagues Sailed in the firſt or laſt Column, and in the Angle of Meeting you 
ſhall have 05.89 Leagues for your Northing, and 16.63 Leagues for your Weſting ; 
which ſet down in the North and Weſt Columns. And when you have thus done 
wich all your Courſes and Diſtances, add up every Column feverally, and ſubtra& 
the Leſſer Northing or Soutbing from the Greater, and the Remainder ſhall give you 
the difterence of Latitude, in this Example, 38.96 Leagues: And the Leſſer Eating 
or Wet ing, ſubtracted from the Greater, ſhall' give you the Departure, which is only 
09.10 Parts of a League ; which ſhews the Courſe to be South 00.10 Parts of 2 


League.Faſterly. And let theſe two Examples ſuffice for Traverſing both by Protra&i- 


on, Calculation, and by the Traverſe Table following. 


- 
Oe uw ey 


A 
TRAVERSE TABLE, 


| T O 
Every Point, Half Point, and Quarter Point, 
OF THE. oY 
COMPASS: 
GIVING | 


The Difference of Longitude, and Departure from the Meridian in 
Leagues or Miles, and Hundred Parts of the ſame, 
without Trigonometrical Calculation. 


Iii Fe The 


- 
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| | The TRAVERSE TABLE. | 
WF To Deg. 49 M- | | 5 Deg. 37 M-| | © Deg 25M. | 11 Deg 15M | (55 
| bo na : | _ 'oE 
TS] | oPoint, 1 Quar; | oPoinr. 2 Quar.} | © Point. 3Quar| | 7 Point, | he 
Gn uy emo , _ ; = 
SS] N. S.jE. "1 N. SJE. W.| iN. S485. mg" FE] [i 
ER Ol Doo we. Ot ©O04-0 ab | by : h *, | , 
7 O©2 voco IO or * 990 * 201 oy ” 
: 3 03 + 00/00 15 c2 g8]00 29 O02 96 "= 3 
4 og oobs 20 c3 $8120 39 O02 95 _ | 4 
5 04 0900. 25 04 972 49 04 94 EM 5 1 
——| | p 
os 0900 25} | os g71Þ99 gg} | os, 93 17 
- B 6450 3al ©5 gyjoo 69 | C6 92 37 7 
2 on oo'co 39 07 g6ſoo #78; | 07 gl 56 | 8 
| & 08 09,90 44 o8. 96100 38] o8 5g 76 Bs 
TY og 09.0 49 og 9gsj00 $8 o9 E5 6 95 | I9 
11 lo gsjol ©o8S 10 oe ; "5 " 
| 12 | it $g4jol 28 11 07 oF 1 . 
I3 I2 ggjol 27] l2 4 , 54 | LI 
14 13 g3jol ” 13 85}: 37} | 14 
Is 14 g3gjol 47 14 84 I9; | Is 
17 16 g201 67 16 8; 321 | 07 
18 I7 gil 75, | 17 Bc | ; 51) | 18 
\ 19 18 gnor 86, 18 79 03. 71] } 19 
20 19 gojfor gs Ig 78 $01. | 20 | 
L 21 20 90102 ©6 20 77103 * «it 21 
22 2t 8902 16 21 76Jog 25] 22 
23 | 22 8902 25g 22 75193 | 4% | 22 
q 24 | | 23 28/02 35 23 74j03 68 24 
25 24 88j02 45 24 73193 88] | 25 
*. | 26 25 8752 55 a 7Tloz3 B81 ) ©7 26 
27 26 8752 65, 26 Joſoy 9s 27 2 
28 z7 B86jo2 9s| | 27 6gfeg 25 45] | 28 
29 28 85j02 84, 238 68ſog 66 29 
go 29 852 g4! | 29 67]04 4o 2s Bs | 39 
jJ_— | —_—__—— _— — _— — 
31 | 39 Bgjo3 ol 39 660g 26 og] | 31 
-32 31 8503 14| | 3t 65jog 24] | 32 
33 32 85103 23) | 32 64 5 44] | 33 
34 33 B84]03 33 33 63 $3] | 34 
3s | 6.24 83/3 43; | 34 62 5 83] | 3s 
35 35 83Þ3 - 3s 61Jog ca] | 35 
37 35 82þz3 63 35. 6ojog 22 37 
{ 38 37 8203 93 37 $9 41 38 
39 38 81þ3 82 38 58 61] | 39 
40 39 81Þz3 92 $9 97 8c} (* 40 
41 40. 8cÞog _ 40 58's OC 41 
| 2 4r 8ch4 12 41 54 Ic 42 
43 |. 42 75Þ4 21 | 42 53 3c| | 43 
44 43 942 15 43 75]Þ4 31] | 43 5$2 Se}. {| 44 
45 | | 44 94j2 =| wy 7Þ4 © 40}. 146 $8 7] 1 45 
45.1 i 45s g4jo2 25) | 45 78Þ4 gi] | 45 gob 75] | 46 
7 | | 45: $94j92 30 45 754 61 45 45h 17, | 47 
48 || 47 9402 35] | 49 97j4 70 497 48 36] | 48 
49 | 1.48 ggqjo2 4% 438 76 4 80 48 47]- | s5| | 49 
$2 (349 94592 4s 49 761-4 go 49 4f}- on T9 1.30 
TY mmm {nm m— 6m aeaioes ef Br 
60 59 9202 54 1 5s 71Þs #8 $$ 3: 7c| | 60 
"0 69 giſo3 43 69 651:6 | 851 69 24 65 70 
80 | | 9 go3 g2! | 79 61/9 84 79 13 6c| | 80 
| $0 8g B8g5[cg 41] 83 $6128 82 89 © 55 90 
0 | | $9 87194 goj | 99 $'Þ-9 80 g8 9 gc| [100 
200 199 a6]-9 8&o I99 C2[ig 5o (197 8 cc] |200 
— - | TR IRS Ys ! — 
*" JE WIN. {S} JE w.fn. $f CE. wh 8 
| 7 Points 3 Quar 7 Points 2 Quar| | 7 Points 1 Quar 7 Points. 
Ba [27 Deg. 11M. |_| 


84 Deg. 22M. |__| 81 Deg, 34M. |_| 78 Deg. 95M. 
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The TRAVERSE TABLE. 
=<&| [14 Deg. 04 M. 15 Dep. 52 M. 19 Deg. 41 M- write, phlamk = 
o= rs 20 > > . 
: z 1 Point. 1 Quar. r Point 2 Quar. r Poinc 3 Quar hehmen 5 
00 oo g2ajoo 38 I 
Be os = ha o- ot 3s 09 + oo 3; 99 16, 2 
l c2 87] Go 87 o2 8201 02 qqgotlr 75 3 
: o3 83] 91 16 O03 77ol oz3 7ojol $53, } 4 
> 04 78] ol 45 04 7Hhol O4 62 es gt - 
O5 65402 os 54192 3o 6 
, ot - i _ 4 59] 02 os 47102 6g 7 
2 07 56 O2 32 07 $53192 07 35103 I6 8 
, o8 61] 092 61 o8 47193 o8 Zi 03 44 '9 
g o9 $g7] 02 "=" Og 411093 O09 20 03 ; Io 
| to 3$Jo 10 16104 21 In 
- . pf: +. 4s 'Y | = % i1 ogfo4 99 I2 
= 12 03. 79 I2 24104 12 owJog 97 13 
- I3 p- 04 os I3 10s I2 g310s 36] | 14 
. 14 35] 04 35g 14 I2jog 13 3650s 74 I; 
0s. 6a Is e6Jo 14 78106 16 
- £ = I 5 oO _g Ph 71196 17 
I 17 = OS 22 16 9506 16 $3106 18 
= 18 18] 05 51 17 8g 06 17 $5197 19 
I9 144 Os 81 18 831 05 18 48107 yo 
20 1of 05 10 ly 77107 19 gojo8 21 
- 21 os| 05 39 20 y1J07 20 32j03 22 
ve 22 on 06 68 21 66]07 21 25108 23 
he 22 g1] 0s 97, 22 60 o8 22 171409 24 
. 23 —| 07 " 23 54108 23 1cjog 25 
fm — 
| 2 8] 08 24 ozjog 26 
27 25 807 3) | 25 too 24 g4[to 33 | 57 
2 26 7g] 08 13 26 36109 25 87]10 28 | 
- 27 75] 08 FF) 27 30109 25 95gltn 29 
28 711 08 71 28 25} 10 27 72 Il ”” 
| 29 Ig] 10 28 64] 31 
- = yy by 2p . 13] 10 29 $61} 12 32 
- 31 $58] 09 58 31 ojJnin 3v 45$112 33 
4 32 541 99 oh 32 oli 31 44]13 34 
35 33 49] 10 - 32 gs} 32 34113 EL 
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& OTHEK 
NAUTICAL QUESTIONS, 


Performed by Protration and Calculation, either by the Tables of 
Sines, Tamgents, and Logarithms, or by the Proportional Scales. ' 


QU E S'T. I. There are'two Ships that ſet Sail from the Port A, the ene ſails direttly 
North, 2941 Leagues, ro C ; and the other directly Eait, 33.26 Leagues,toB : I demand 
how the two Ships bear one from the other, and alſo bow far they are aſunder ? 


By Protrattion. 


Raw a Right Line, A B, and\upon A erc& the Perpendicular A C: Let A repre- 
ſent the Port from whence the Ships ſer Sail 5 then (becauſe che Firſt Ship fai- 
led 29.41 Leagues North) take from any Scale of Equal Parts 29.41 Leagues, and 
ſer them from A to C; ſo ſhall C be the place of the Firſt Ship. Now, (becauſe the 
other Ship failed direaly Eaſt, which is one Quarter of the Compaſs diſtanr from 
the North,) therefore the Angle at A muſt be a Right Angle : And' becauſe the ſe- 
cond Ship ſailed Eaſt 33.26 Leagues, take 33.26 'Leagues from the ſame Line of 
Equal Parts, and ſet them, upon thE Line A B, from A unto B ; 1o ſhall B be the 
Place of the ſecond Ship. | {0 
| Now to know how theſe two Ships bear one from. another, draw the Line-C B, 
and meaſure the Quantity of the Angle at B, which you ſhall find to be 33 deg. 
45 min. which is 3 Points from the Weſt, Northerly, that is, the N. W. by W. Point 
of the Compaſs; and fo doth the ſecond Ship B, bear from the firlt Ship C. 
Again, Find the Quantity of the Angle at C, which you ſhall find co be 56 deg. 
15 min. which is 5 Points from the South, Eaſterly ; that is, the S. E. by 'E. Point of 


. the Compaſs ; and ſo do the ewo Ships bear one from the other.— Then from the 


Diſtance that the two Ships are from each other, take in your Compaſlles the Di- 
ſtance between B and C, which meaſure upon your Scale of Equal Parts, and you 
will find it to contain 40 Leagues; and fo far afunder are the two Ships B and C. 


By Calculation. 


The Bearing of the Ships one from the other is found by the IV. Caſe of Righr- 
angled Plain Triangles, by this Analogy. 


As the Diſtance that the firſt Ship ſailed, 29.41 Leagues, 
Is to the Diſtance that the ſecond Ship ſailed, 33.26 Leagues ; 

So is the Radins, | | 
To the Tangent of the Angle that the firſt Ship bears from the ſecond, 56 deg. 
15 min. or S. E. by E. The Complement whereof, 33 deg. 45 min. or N. W. 
by W. is the Bearing of the ſecond Ship from the firſt: 


The Diſtance of the Ships from each other, is found by the VI. Caſe, by this 
Analogy. | | 
As the Sine of the Bearing of the firſt Ship, 33 deg. 45 min. or N. W. by W. 
Is to the Diſtance that the ſecond Ship failed ; 
So is the Radins, 9o deg. | 
- Tothe Diſtance of the two Ships. 


Il. 4 Ship at A diſcovers an Iſland at C, lying from ber direfily Eaſt ; but ſhe ſails from 
A towards B 33.26 Leagues direttly South , but ber Compaſs coming to ſome Miſchance, 
that uſe cannot be made of it, ſhe = at B diſcovers the ſame Iſland, and ſails wpon 
an unknown Point of the Compaſs direttly upon the Iſland, and touches upon it, having 
ſailed 40.00 Leagues. —I demand upon what Point of the Compaſs the Ship ſailed from B 
zo C, and alſo how far off the Iſland was from A, where it was firſ# diſcovered. 


By Protra&41n. 


Raw a Line CA, repreſenting a Line of Eaſt and Weſt, and upon A ered 4 
Perpendicular A B, and from A to B ſer off 49.00 Leagues, the Diſtance that 
| the 
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the Ship failed frnm A to B. Then take out of yo Seale of Equal Parts 40.00 
Leagues, the Diſtance that the Ship failed from B to the Iſland ; and ſetting one 
Foot of rh2 Compaſles in B,with the other defcribe an obſcure Arch of a Circle m mn, 
crofling the Eaſt and Weſt Linein C; ſo is GC the Place of the Iſland. 

Now firſt, to find upon what Point of the Compaſs the Ship failed from B to the 
INand, you mult find the Quantity of the Angle at B, and you ſhall find it to con- 
rain 33 deg. 45 min. or the N. E. by N. and upon that Poine did the Ship fail from 
B to the Iſland at C.—— Then, to know how far the Iſland C'was from A, where it 
was firſt diſcovered, take in your Compaſſes the length of the Line A C, and mea- 
ſure it upon your Scale ; ſo ſhall you find that to contain 2.4 Cent. or { Leagues; and 
{o far diſtant was the Iſland from A. _ | 
wk By Calculation. | 

The Point of the Compals that the Ship failed upon from B to C, may be found 
by the V. Caſe of Right-angled Plain Triangles, by this Analogy. 

As the Diſtance which the Ship ſailed from B to C, 49.00 Leagues, 

Is to the Radimns ; | « 
So is the Diſtance failed between A and B, -33.26 Leagues, 4 
To the Co-fine of the Point that the Ship ſailed upon from B to C, 564. 15 m. 


The Diſtance that the my was from the Ifland, when firſt diſcovered, may be 
found by the VII Caſe of Right-angled Plain Triangles, by the following Analogy. 
(1) As-the Diſtance that the Ship ſailed from B to C, 40.00 Leagues, ; 
Is to the Radirs ; | 
So is the Diſtance that the Ship ſailed fram A to B, 33.26 Leagues, 
To the Bearing of the Iſland from B, 33 d,.45 m. 
(2.) As the Radig, _ | 
Is to the Diſtance that the Ship ſailed from C to B, 40.00 Leagues ; 
So is the Sine of the Rumb 'that the Ship ſailed upon from B to C, 33 d. 45 m-: 
To the Diſtance of the Ifland from A, 29.41 Leagues. 


III. There are two Ports at A and B, which are diſtant 33.26 Leagues, and lie diretly 
North and South of each other ; from whence two Ships ſet ſail, both for the Port C : 
The Ship at B ſails away wpon @ South-Weſt by South'Point, and the Ship at A ſails di- 
retly Weſt. I demand, how many Leagues either of the Ships had ſailed when they 
met at the Port C, and alſo how the Port C did bear from that at B. 


| By Protrafion. 


Raw a Right Line, A B, and upon it ſet off 33.26 Leagues. Now becauſe the 
Ship at B ſtzered a South-Welt by South Courſe, which is three Points from 

the South Weſterly, therefore upon the Point B protrat an Angle of 33 deg. 45 min. 
and draw the Line B C.—— Then, becauſe the $hip at A ſteered a Weſterly Courts, 
which is a Quarter trom the Norch, upon the Point A protrac an Angle of go deg; 
and draw the Line A C, cutting the former Line B C in C.-— Now to know how 
many Leagues each Ship failed, take in your Compaſſes the Length of the Line B C, 
and meaſuring it upon. your Scale, you ſhall find it to contain 40.00 Leagues ; and 
lo manydid the Ship that came from B fail. Alfo take the Length of the Line A C 
in your Compaſlles, and meaſuring that upon your Scale, it will be found to contain 
22.22 Leagues; and fo much did the Ship that came from A fail, Now to know 
how the Port at C did bear from that at B, find the Quantity of the Angle ac C, 


which you ſhall find to be 56 deg. 15 min. that is, Five Points from the Eaſt Nor- - 


therly, namely, N. E. by N. and fo did the Port C bear from B. 


By Calculation. 


The finding of the Diſtance that each Ship ſailed, may be done by the I. and II. Ca- 
ſes of Right-angled Plain Triangles, by this Analogy : | 


As the Diſtance of the two Ports, A and B, 33.26 Leagues, / 
Is to the Bearing of the Port C from B, 56 deg. 15 min. 

S0 is the Sine of the Rumb that the Ship ſailed upon from B to C, 33 deg. 45 min. 
To the Diſtance that the Ship ſailed from A to C, 22.22 Leagues. 

And fo is the Radims, 


To the Number of Leagues that the Ship ſailed from B to C, 40.00 Luo py 
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IV., A Ship at C diſcovers a Point of Land at A, bearing from ber $. $. E. but ſhe ſhapes 
8 Courle E. by S. and ſails away 49.00 Leagues to B, and at B ſhe diſcovers the [ame 
Point of Land bearing from her W. S. WW. I demand how far the Ship was from 


Land, being at C and B. 


By Protraftion. 


Raw a Line C B, containing '40 Leagues, and upon C protrat an Angle of 
D 56 deg. 15 mia. or Five Points, which is the Difference the Point of Land did 
bear from the Ship being at C, and the Point upon which ſhe failed from C to B; 
and Graw a Rizht Line C A.—— Then upon the Point B protrat an Angle of 
22 deg. 45 min. which is the Difference of the Ship's Bearing from C and A, ſhe be- 
ing at B, namely, W.S. W. and draw the Line B A, cucting the Line C A, before 
-awn, in A. 
yr to find how far the Ship was from Land being at C, meaſure the Linz C A_ 
upon your Scale of Equal Parts, and.you ſhall find it to contain 22.22 Leagues 3 and 
ſo far was the Ship from the Land when ſhe was at C. Alfo meaſure the Length of 
the Line B A, and you ſhall find that to contain 33.26 Leagues; and fo far from 
Land was the Ship being at B. | 
By Calculation. | # 
To find theſe Diſtances, you may do it by the III. Caſe of Right-angied Triangles, 
by this Analogy. | | 
As the Radias, | 
I; to the Diſtance that the Ship failed from C to B, 40.c0 Leagues ; 
So is the Bearing of the Ship, being it C, 56 d. 15 m. 
To her Diſtance from Land, being at B, 33.26 Leagues. Or, 
The Bearing of the Ship, ſhe being at B, 33 d. 45 m. 
To her Diltance trom Land at C, 22.22 Leagues. 


V. A Ship being at A, diſcovers two other Ships at C and B the Ship at C bears from 
her diretly Eaft, and the other Ship at B bears from her direftly South : The Ship at A 
ſails direftly South, 22.22 Leagues ts B, and being at B, ſteers away upon an unknown 
Courſe to C, 40 Leagues.—— I demand upon what Point the Ship ſailed from B to C, 

. and alſo how far C x dictant from A. 


By Protra&ion. 

D& a Right Linz, A B, for the Bearing of the Ship B from the Ship A, which 

was dire& South : Alſo from A draw another Line, A C, for the Bearing of 
the Ship C from the Ship A, which was direQly Eaſt. Now, becauſe between the 
South and the Eaſt is 9o deg. or ene Quarter of the Compaſs, therefore upon the 
Point A protra& an Angle of 9o deg. drawing the Lines AC and A B at Righc 
Angles. "This done, take 33.26 Leagues out of your Scale of Equal Parts, which is 
the Diſtance that che Ship failed South from A to B. Then take from the ſame Scale 
40 Leagues, which is the Diſtance chat the Ship failed from B co C upon an un- 
known Point ; and with this Diſtance, ferting one Foot of the Compaſſes in B, with 
the other deſcribe an obſcure Arch of a Circle, » mm, cutting the Line A C in the 
Point C, and draw the Line C B.-—- Now to - find upon what Point of the Com- 
paſs the Ship ſailed from. B to C, find the Quantity of the Angle at B, which you 
ſhall find to contain 33 deg. 45 min. that is three Points from the North Eaſterly, 
namely, N.E. by N. and upon that Point did the Ship fail from B co C. —— Then 
to find how far C is diſtant from A, take the Line C A in your Compaſſes, and 
meaſuring it upon your Scale, you ſhall find it to contain 22.22 Leagues and fo 
far is C diſtant from A. | 


By Calculation. 
The Point upon which the Ship ſailed from B to C, may be found by the III. Ce 
of Right-angled Triangles, by this Analogy. 


As the Diſtance that the Ship ſailed from B to C, 40.co Leagues, 
Is to the Radizs ; 
So is the Diſtance that the Ship ſailed from A to B, 22.22 Leagues, 
To the Co-line of the Rumb from the Meridian, 33 deg. 26 min. 


Then 
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Then for the Diſtance of C from A. 
As the Radus, | En. | 
| Is co the Diſtance that the Ship ſailed fron B to C, 40.c0 Leagues; 
So is the Rumb from the Meridian that the Ship failed upon from B co C, 33d.45 m. 


To the Diſtance of C A, 22.22 Leagues, 


VI Two Iſlands at A and C are diſcovered by a Ship at B; the Iſland A bears from the 
Ship art B, N. N. W. and the Iſland at C bears N. by E. from B: The Ship being at B 
ſails away N. N. W. to the Iſland A, and having ſailed 53.26 Leagues, touches upon the 
Iland, end being there, finds that the Iſland C bears from the Iſland A, E. N. E. I 
demind bow far the Ship at B was from the Iſland C, and alſo bow far the two 


Illands were aſunder. 
| | By ProtraQton. | 
Raw a Line A B, and upon ir ſet 33.26 Leagues, which is the Diſtance that 
D the Ship ſailed from B to the Iſland at A. And becauſe the Iſland A did bear 
trom B, N, N W, and the Ifland at C, N by E, which are three Points, or 33 deg. 
5 min. aſunder, _ the Point B protract an Angle of 33 deg. 45 min. and draw 
the Line B C. Then becauſe the Iſland at C bears from the Iſland at A, E NE, 
which is eight Points, or 90 deg. from N N W, upon the Point A protrat an Angle 
of 90 deg. and draw the Line A C, cutting the Line BCinC. 

Now to fiad the Diſtance of the Ship being at B from the Iſland C, take the Line 
CB in your Compaſles, and applying it to your Scale, you ſhall find ic to contain 
40.00 Leagues 3 and fo tar was the Ship at B from the Iſland at C,, And to find the 
Diſtance of the Iſlands one from the other, take C A in your Compaſſes, and mea- 
ſure it upon your Scale, you ſhall find it to eontain 22.22 Leagues; and fo far dis 


ſtant were the Iſlands one from the other. 
By Calculations 


The Diſtance from A to C may be found by the I. Caſe of Right-angled Plain Tri- 


engles, by this Analogy. 
As the Co-fine of the Rumb that the Ship failed upon from B to A, 56. 15 m. 
Is to the Diſtance that the Ship ſailed from B to A, 33.26 Leagues 3 


So is the Radims, | 
To the Diſtance of the Ship at B, from the Iſland at C, 40.60 Leagues. 


Then for the Diſtance of the two Iflands, by the IV. Caſe, ſay; 
As the Radias, | 
Is to the Diſtance C B, 40.00 Leagues; 
So is the Sine of the Difference between the Bearing of the two Iſlands from B, 


33d. 45 m. ” 
T6 the Diſtance of the two Iſlands C and A, 22.24 Leagues. 


VII. Two Ships ſet out from one and the ſame Purt, A-; the Ship C ſail 33-26 Leagues 
dire&1 Bafl, and the Ship B ſails away 22.22 Leagues direftly South. When they - 
thus ſailed, I demand how far the two Ships are from each other. 


; | By Protra&ion. '' v2 
Raw a Right Line AB, and ſet off upon it 33.26 Leagies, the Diſtance that 


the Ship ſailed from A to B South. Then, becauſe the other Ship ſailed di- 
realy Eaſt, which is 9o deg from the South, upon the Point A ere the Perpendicu- 


lar A C, and upon it fer off 22.22 Leagues, from A to C, which was the Diſtance 


the other Ship ſailed Eaſt. Then draw the Line C B, which being taken in your 
Compaſſes, and meaſured upon your Scale, will be found to contain 49.00 Leagues; 
and fo far are the two Ships from each other. 


| By Calculation. | | | 
R _ Diſtance may be found by the VI. Caſe of Right-angled Plain Triangles, by this 
nalogy. | 


(1.) As the Diſtance that the Ship ſailed from A to B, 33.26 Leagues, 


15 to the Diſtance that the Ship ſailed from A to C, 22.22 Leagues 3 _ 
| SS 
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So is the Radius, ; 
To the Tangent of the Angle at B, 33 deg. 45 min. 

(2:) As the Sine of the Angle at B, 33 deg. 45 min. 
Is to the Diſtance C A, 22.22 Leagues, 

So 1s the Radime, 
To the Diſtance C B, 40.09 Leagues. 


* VIIL. Two Ships ſet ſail from the Port at K.; the one ſails 3.77 Leagues upon the S. W. 


Point towards M, the other ſails 8.00 Leagues upon the Weſt Point towards L.— 
1 demand bow many Leagues the __ at M and L are aſunder : and alſo how the 
Ship at M bears from the Port KR. and the other Ship at L. | 


By Protration. 


Raw a Right-Line K L, and by help of your Scale ſet off upon it 8 Leagues, 
D the Diſtance that the Ship ſailed from K to L upon the #*ſ-Point : Then 
becauſe the other Ship ſailed 2-77 Leagues from K towards M, upon the S.}. Point, 
which is 45 deg. or 4 Points from the We#t : therefore yon the Point K, Protract 
an Angle of 45 deg- and draw the Line K M, ſetting off upon it from K co M 3.77 
Leagues, the Diſtance that the Ship ſailed from K to M, and draw the Line M L. 

Now to know, firſt, how far diſtant the Ships at M and L are from each other, 
take in your Compaſſes the length of the Line M L ; which apply to your Scale, and 
you ſhall find it to contain 5.96 Leagues. — And, Secondly, to find how the Ship at 
M bears from the Port K, and the other Ship at L, you muſt find the quantity of 
the Angle at M, which you will find to be 108 deg. 28 min. that is Nine Points and 
2 half and 1 deg. 35 min. Now, becauſe the Courſe from K to M was S. IF. there- 
fore the Ship at M bears from the Port K North-eaft. And ſeeing that the Ample at M, 
is 108 deg. 28 min. or 9 Points and a half, and 1 deg. 35 min. therefore ſo many 


Points counted from the N E Point, is the Bearing of the Ship at M, from that at L; 


which will be W N W, half a Point and 1 deg. 35 min. Weſterly. 


By Calculation, 


As the Summ of Leagues that both Ships have ſailed, 11.757 
Is to the Difference of their Leagues failed, 4.23 | 

So is the Tangent of half the Summ of the Angles at M and L, 67 deg. 30 min. 
To the Tangent of 40 deg. 3o min. 


Which added to 64 deg. 3o min. gives 108 deg. 25 min, for the Angle at M; and 
ſubtracted from 65 deg. 30 min. leaves 26 deg. 32 min. for the Angle at L. 


And to find how far the two Ships are Diſtant. 


As the Sine of the Angle at L, 26 deg. 32 min. 
Is to the Leagues the firſt Ship failed K M, 3.77 
So is the Sine of the Courſe ſhe ſteered 45 deg. 
To 5:96 Leagues. 
Which is the Diſtance of the Ship M from the Ship I. 


IX. There are three Ships, R,L, and M: the Ship K # diftant from the Ship L 8.00 
Leagues the Ship at L « diſtant from that at M 5.96 Leagues; and the Ship at 
'M # diſtant from that &t K 3.77 Leagues 3 and they he dire#ly North and South. — 

' T demand how the Ship at M bears to that at L., and how that at L bears to that at K. 


By Protraion. 


| Þ ro a Right Line; and out of your Scale take 8.00 Leagues, and ſet them 
thereon from K to L, for the diſtance of the Ships at K and L. Then take 
3.77 Leagues, the diſtance of che Ship's K and M, out of your Scale ; and ſetting 
one Foot of the Compaſſes in K, with the other deſcribe the obſcure Arch of a Cir- 
cle os. Again, take 5.96 Leagues from your Scale, which is the diſtance that the 
Ship L was from the Ship M ; and ſetting one Foot of the Compaſſes in L, with the 
other deſcribe the obſcure Arch of a Circle » =, crofling the former. Arch in the 


* Pointe M: Then draw the Lines MK and ML; fo have you their true Poſi- 


tions. 
> h Now 


” kh 2 p04. Tag 
MEDIC ASTRA IF 


om I ds i on . # 22 te ESA nr AE 


| 


Part IT. "PLAIN SAILING. 


651 


Now to find cheir Bearing one from another; foraſmuch as the Ships M and K 
did lie North and South of each other, find the Yuantity of the Angle at M, which 
:s 108 deg. 23 min. that is nine Points and a half, and 1 deg. 35 min. from the Seutb 
Faftward, which will be the N. W. Point : and fo doth the Ship M bear from that 
at K. And for the Bearing 'of that ac K from that at L, find the quantity of the 
Angle at L, it will be found as before W N W, half a Point, and 1 deg. 35 min. 


Weſterly. | 


The Bearings of che Ships from each other may be found by the Fifth Caſe of 


Oblique-angled plain Triangles, by the Analogie in that Cafe fer down. 


— 
© —— 


Problems of Sailing by the Plain Sea-Chart, both by 
T rigonometrical Calculation, and wrought upon the 


Chart 2t ſelf. 


Meng S9a-men there ate Three principal ways of Sailing woſ# in Uſe and Practice: 
A Two wherecef are Reilineal, performed by Right-Lines; the Third xs Spherical or 
Circular, performed by Arches of great Circles of the Sphere. 

Of the Two firſt, the one 1s called Plain Sailing, or Sailing by the Plain Sea-Charr. 

The other is called Mercator”s Sailing} or Sailing by Mercator's Chart. 

Theſe two Charts are both of them compoſed of Right Lines, yet differ both in their 
Conſtruftion and. Ule, thcugh not 'ſo much in their Uſe, as in their Making or Con- 
{truction. | 

The Plain Sea-Chart-conſiteth of Meridians and Parellels, which are drawn in all parts 
equal from the FquinoCtial towards either of the Poles; which w erroneous, as bereafier 
ſball be diſcovered. - ; | 

Mercator*s Chart, ( or rather Mr. Wright's Chart) hath the Degrees of Longitude i 
every Parallel of Latitude equal to thoſe in the Fquinotial, as the Plain-Chart bath : 
But the Degrees of Latitude do increaſe more and more ( as they grow nearer the Poles ) 
in ſuch @ Proportion as every Parallel of Longitude doth decreaſe. 

The way of Sailing by the Plain Seax*Chart 4 much in uſe, nay too,, much, conſidering 
the Errors that it leads Sea-men into ; though they are not ſo eaſily diſcovered in ſhort as 
long Voyages, nor nm Places near the EquinoRial as thoſe nearer the Poles. But, I ſup- 
poſe, it xs more uſed for the eaſe there in Projeting of this Chart, than in that of Mer- 
cator's : otherwiſe I know not why that ſhould be ſo as it is embraced, and the other ( I 
meanthat of Mercator's ) ſo much neglected ; which comes,ſo near to the Spherical way of 
Sailing, rhat there #« an inſenſible difference between them. But I ſhall compare them toge- 
ther, ſo that the ingenious Sea-man may ſee their Difference, and thereby abandon Error, 
and embrace the Truth. For inthe following Problems I ſhall perform the ſame thing by 
both Charts, by which the Errors may more palpably be diſcovered. And I ſhall ſhew how 
the Dottrine of Plain Triangles may be made applicable to the Solution of the following 
Nautical Problems. 


T be Making of the Plain Sea-Chare. 


A Sea-Chart may be made either general, or particular. A general Sea-Chart is that 
whoſe Degrees of Latitade proceed from the Aquine#1al to cither Pole, which 
in the common Sea-Chart may be done ; but it will be egregiouſly falſe, as the Degrees 
of Latitude grow nearer the Pole, as I have already declared. — A Particular Sea- 
Chart is ſuch a one as is made roperly for one particular Navigation : as if your Whole 
Navigation were not to exceed the Latitxdes of 48 and 6odeg. of Latitude, and not to 
differ in Longitude above 8 degrees. | | | 

Now to project or make ſach a Chart ; Firſt, Draw a Right-Line A B, repreſenting 
the Aeridian, and croſs it at > grfonn v in the Point A with another Right-line 
A D, repreſenting the Parellel of your leaſt Laticude, namely, of 48 deg.— Secondly, 
Coniider what diſtance you will have your Parallels of Longitude and Latitude to be, 
( for in thisChart they are both equal,) whether 1,2, 3, or 4 Inches, (for the ge oa 

otter. 


Fig. V. 
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are upon 7 
| rebeſmgen the like Degree of Laritude in the Line CD a Right Line, as 49, 49; 50©, 50; 


better. ) But in this Example I have made them onely hglt an Inch. T-take there; 
fore half an Inch out of an exact Scale, and run it upon the Meridian-Line A B, 
from A to 49, from 49 to 5o, from'50 to Fl, Oc. till I come to my greateſt Lars. 
tude, which is here ſuppoſed to be 60 deg. — Thirdly, Run the ſame Diſtance of halt 
an Inch from A towards D, upon the Line AD, cight times, becauſe the Difference 
of Longitude in your whole Navigation will not exceed 5 deg. — Fourthly, Draw 
the Line CD, parallcl to A B, and BC, parallel tro A D, and run the ſame Dj- 
ſtances\upon the Line B C as are upon the Line A D, and the fame upon CD as 
the Lins A B-— Fifthly, . From each Degree of Latitude in the Line A B; 


51,51; 52,523 Oc. till you have drawn all your Parallels of Latitnde, — Sixthly, 
For your Meridians, they are to be drawn in like manner as were the Parallels of La- 
titude, all of them equidiſtant, and parallel to your firit Meridian A B, as the Lines 
I,1; 2,25 3-3» &c. And by this means have you the Meridians and Parallel 
drawn. 

The grand Diviſions, or whole Degrees, being thus ſet upon your Chart, we now come 
to ſub-divide them. And for the dividing of che Degrees of thew/#qincG4al at the 


top and bottom of your Chart, let each of them be divided into 5 or 10 parts, and . 


each of thoſe parts ſub-divided into 5 or 10 more leſs parts, according as quan- 
tity will permic 3 for every one of them is ſuppoſed to be divided into 100 or 10c0 


rts. 
go the dividing of the Degrees of Latitude ; they may be divided as thoſe of 
Longitude were, into 100 parts. But ſometimes each Degree is ſubdivided into 60 
Minutes, or Engliſh Miles, or into 20 Leagues. — Now I have divided ttc Degioes of 
Latitude in this Chart each of them into 5 parts, by which means'it. is capable of 
the Numeration, either by Miles, Leagues, Centeſms, or 100 parts. For if you 
count by 60 Minutes, or Miles, then every of thoſe Diviſions will be 12 Minutes, os 
Miles; if by 20 Leagues, then every Diviſion will contain 4 Leagues; and it by 
Centeſins or 100 parts, then every of them is 20 Centeſms. And thus much con 
cerning the Making or ProjeRing of this Chart. I now'come to ſhew 


Some Uſes of the Plain Sea-Chart. 


PROB. I. How to ſet any Place upon your Chart according to its Longi- 
; tude and Latitude. | | 


FF the two Places lie under one and the ſame Parallel, differing not at all in Lati- 
rude, but onely in Longitude, then the Courſe leading from the one to the other 
is direaly Eaſt or Weſt. As E and F are two Places lying under the Parallel of 50 
deg. of Latitude, and differ in Longitude 5.5 deg. lay a Ruler to 5.5 deg. both at the 
top and bottom of the Chord, and where the Ruler croſſeth the Parallel of 50 deg. 
as at F, there is your other Place upon the Chart. So Eand F lie in 50 deg. of La- 
titude, and differ in Longitude 5.5 deg. 

But if the two Places to be ſet 'upon the Chart differ onely in Latitude, and lie un- 
der the ſame Meridian as G F, then the Courſe leading from the one to the other 
is directly North or South, and the difference of Latitude of F and G is 2 deg, G ly- 
ing in the Latitude of 48 deg. and F in the Latitude of 50 deg. 

But if the Places to be ſet upon the Chart differ both in Longitude and Latitude, as 
A and F, then the Courſe leading from the one to the other is upon ſome other 
Point of the Compaſs, fo far diſtant from the Meridian as is the quantity of the An- 
gle EAF; which here 1s 70 deg. 1 min. that is, upon the E NE Point 2 deg, 
31 min. Eafterly. | 


This Angle may be found either by Protraftion by your Line of Chords, or it 


may be protracted by a Protratting Quadrant, ſuch as is in Fig. VI. which in all theſe 


| Operations upon the Char is beſt, for that it avoids the drawing of Arches of Cir- 


cles upon your Chart or Blank. So then if 2” were to Protract the Angle E A F by 
your Protrading Quadrant, lay the Centre A of your Quadrant upon the Point A in 
your Chart, and the Merid:zan-Line of the Quadrant A B upon the Meridian-Line of 


your Chart ; then will the Line A C of the Quadrant lic upon the Parallel AD of 


your Chart : and the Angle that you are to Protrat being 70 deg. 1 min. by the 
| edge 
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edge of your Quadrant make a imall Mark or Prick with your Needle, and from A 
through that Point draw a Right-Line, which will be the Line AF. 

And in the fame manner as you ſer any Place upon your Chart, you may find ig 
what Larirades and Difference of Long:tude any Places already fer upon your Chae 


are itt 


H. Any Places being ſet upon the Chart, to find in what Latitudes they are, 
and alſo how they differ in Longitude. ... 


- ET the Points Gn R upon the Chart be two Places, and I would know in 

| what Latitudes they lie. Firft, Through the Point Q draw a Line parallel to 
the Line B C of your Chart ; and allo through the Point R draw another Line pa- 
rallel to A C. The Line that is drawn through Q ſhoots upon the Laritude of 58 
deg. 36 min. and the Line pafſing through R cuts the Meridian of the Charr on ei- 
ther fide at the Latitude of 55 deg. 16 min. And under thoſe' two Latirzudes are the 


two Places Q and R. 
Then to find their Difference of Long:tude, take in your Compaſſes the Diftance be- 


tween R and S, and meaſuring it upon the botrom of the Cherr, it will reach from 
 Ato 4 deg. 24 min. and ſuch is che Difterence of Longitude of the two Places Q_ 


and R. 


Ll. Heving the Rumb, and the Diſtance that the Ship hath run npox that 
Rumb, to find the Difference of Longitude and Latitude. 


| The Analogie or Proportion. 
As the Radizs, | | | 
Ibo the Diſtance run, | , 
So is the Sine of the Rumb, | 
To the IN of Longitude : 


£9 is the Co Sine of the Rumb, 
To the Difference of Latitude. | | | | 
So the Rumb being 70 deg. 1 min. that is ENE, 2 deg. p17 min. Eafterly, and the 
Diſtance run 119 Leagues, the Difference of Lengitude-will be found to be 5.5 deg, 
and the Difference of Latitude 2 deg. 


Upon the Chart. 


Pon the Point A Protra& an Angle of 5o deg. 1 min. as the Angle E A F, and 
[I and draw the Line A F, which is the Rumb upon which the Ship failed. U 
on this Line ſet 117, the Number of Leagues that the Ship failed from A to F. 
Then through the Point F draw the Line F E parallel to A D. So ſhall E F be the 
Difference of Longitude, 5 deg. and an half, and AE, the Difference of Latitude, 2 deg. 


IV. The Difference of Latitude, and the Rumb being given, to find the Di- 
ſtance run and the Difference of Longad x 64 3 # 4 | 


The Analogie or Proportion, 


As the Co-Sine of the Rumb, 
Is to the Difference of Latitude, 
. 90 is the Radins, 
Tothe Diſtance run : 
And 
S0 is the Sine of the Rumb, 
To the Difference of Longitude. 


So the one Latitude being 48 deg, and the other 50 dep. the Difference is 2 deg- 
and the Rwmb being EN E » deg. 31 min. Eafterly, the Diftance run will be found 
to be 117 Leagues, and the Difference of Longitude 5.5 deg. 
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| Upon the Chart. . © BR 

:Ference of Latitude 2 deg. from A to E, and draw the Line pa- 

ED. Then upon the Point A protrat the Angle of the Rumb 70 

deg. 1 min. EN E 2 deg. 31 min. Eafterly, and draw theLine AF, cutting the other 

Line EF in F. Then taking in your Compaſſes the length of the Line A F , and mea- 

ſuring it upon the ſide of the Chart, you ſhall find ic to-contain 117 which is the 

number of Leagues the Ship failed : and che Line EF, being fo meaſured, will con- 
tain 5.5 deg. the Difference of Longitude. 


V. Having the Difference of Longitude, and the Rumb given, to find the 
a be Dibers . by _ Difference of Latitude. 


| The Analogy or Proportion. 
As the Sine of the Riwnb, 
Is to the Difference of Longitude, 
So is the Radire, 
To the Diſtance run : 
And | 
So is the Co-Sine of the Rumb, 
To the Difference of Latitude. 
So the Rumb being ENE 2 deg. 31 min. Eafterly, and the Difference of Longitude 
5.5 deg. the Diſtance run will be found to be 1157 Leagues, and the Difference of 


Latwude 2 deg. BE 
pon the ; 


LI Pon the Point Point A Protrat an Angle of the Rumb 70 deg. 1 min. and 
draw the Line A F. Then the Difference of Longitude being 5.5 deg. count 
5.5 deg. upon the bottom of your Chart from A to G, and upon the Point G raiſc 
a Perpendicular GF, cutting the Line A F before drawn in F. Then the Line 
A F, being meaſured upon the ſide of your Chart, will be found to. contain 117 
Leagues, the Diſtance run: And F G, there alſo meaſured, will be found to he 
2 deg. the difference of Latitude. 


VAI. The Diſtance that the Ship hath run, and the Difference of Latitude given, 
to find the Rumb, and Difference of Longitude. 


| The Analogy or Proportion. 
As the Diſtance run, rang a 
Is to the Radins, 
So is the Difference of Latitude, 
To the Co-Sine of the Rumb : 
And 
SO 15 the Sine of the Rumb, 
To the Difference of Longitude. | | 
So the Diftance run being 117 Leagues, and the Difference of Latirade being 
2 deg. the Rumb will be found to be ENE 2 deg. 31 min. Esfterly, and the Dit- 
terence of Longitude 5.5 degrees. | 


Upon the Charr. 


CA the difference of Latitude 2 deg. upon your Chart from A to E, and draw 
) the Line E F parallel to A B, Then out of the ſide of your Chart take the 
diſtance run 117 Leagues; and ſetting one Foot of the Compaſſes in A, turn the other 
about till it croſs the Line E F, which it willdo in F. Then FE, being meaſured 
upon the bottom of your Chart, will contain $5.5 deg. the difference of Longitude. 
And by your Line of Chords, or Protratting Quadrant, find the quantity of the Angle 
E AF, which will be 70 deg. 1 mini, the E N E Point 2 deg. 31 min. Eafterly. 


VII. The 
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VII. The Diſtance that the Ship hath run, and the Difference of Longitude 
being given, to find the Rumb, and Difference of Latitude. 
3 The Analogy or Proportion. 
As the Diſtance run | 
Is to the Radins, 
So is the Difference of Longitude 
To the Rumb: 
And 
So is the- Co-Sine of the Rumb 
To the Difference of Latitude. | 
So the Difference of Lengitude being 5.5 deg. and the Diſtance that the Ship hath 


the Difference of Latitude 2 deg. 
Upon the Chart. 


Ount the Difference of Longirade upon the bottom of the Chart from A to G, 
and upon the Point G raiſe the Perpendicular G F : Then take out of the ſide 

of your Chart the Diſtance run, 119 Leagues, and ſetting one foot of the Compaſſes 
in A, with the other croſs the Perpendicular FG in the Point F. Now it you take 
FG in your Compaſſes, and meaſure it on the ſide of your Chart, you ſhall find it 
to contain 2 deg. for the Difference of Latitude; and the Angle E A F, being mea- 
ſured by your Chord or Quadrant, will be 70 deg. x min, that is the E NE Poinc 


2 deg. 31 min. Eaſterly for the Rumb. 


VIII. The Difference of Longitude, and Difference of Latitude being giver 
to find the Rumb, and the Diſtance ru. CEL 


The Analogy or Proportion. NE 
As the Difference of Latitude nt rt Sn ng 


Is to the Radizs, | 
So is the Difference of Longitude 
To _ Tangent of the Rumb : | 


As the Sine of the Rumb | 
Is to the Difference of Longitude, 
So is the Radins | 
To the Diſtance run. 
So the Difference of Longitude being 5.5. deg. and the Difference of Laritud: 
2 deg. the Rund will be ford to be ENE 2 deg. 31 min. Eeferh, and the Di- 
ſtance upon the Rumb 119 Leagues. 


Upon the Chart. 


(Oe the Difference of Latitude from A to E, and draw the Line E F parallel 
4 to AD: alſo count the Difference of Longitude from A to G, and upon the 
Point G raiſe the Perpendicular G F, cutting, the Line E F in the Poine F: Then 
Uke in your Compaſſes the length of the Line AF, and meaſuring it upon the ſide 
of the Chart, you ſhall find it to contaiu 1197 Leagues, the Diſtance that the Ship 
hath run. And if by your Line of Chords, or Quadrant, you find the quantity of the 
Angle E AF, it will be the Rumb; which you may find to be ENE 2 deg. 
31 min. Ezſftexly, or 5o deg. 1 min. 


IX. The Rumb that a Ship hath ſailed upon, and the number of Leagues (he 
hath ſailed upon that Rumb, being given, to know how much ſhe hath 
raiſed or depreſſed the Pole. "= 


'The jon. 
As the Radius PREY 
| to the Diſtance run, 
$ is the Co-Sine of the Rumb from the Meridian 
To the Differencg of both Laticudes. 
Kkkk 4 50 


run 119 Leagues 3 the Rumb will be found to be ENE 2 deg. 31 min. Eafterly, and 
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he Rumb being EN E 2 deg. 31 min. Eaſterly, that is, 70 deg. 1 min. and 
EG that © Ship hath failed upon that Rumb 117 Leagues, the Pole will be 
found to be raiſed 2 deg. 
, Upon the Chart. | : 
Pon the Point A, the lefſer Latitude, protract an Angle of 70 deg. 1 min. and 
draw the Line of the Rumb A F, and out of the Side of your Chart take 
117 Leagues, (the Diſtance the Ship failed,) and fer them upon the Rumb from A 
to F. Then through the Point F, draw the Line E F, parallel to A D, cutting the 
Meridian of your Chart in E, which 1s 2 deg. from A; to that the Ship hath raiſed 
the Pole 2 degrees. 


X. The Longitude ard Latitude of the Place from whence you came , with 
the Rumb and Diſtance ſailed, being given, to find the Longitude and 
Latitude of the Place to which you are come. 


The Analogy or Proportion. 
As the Radias, 
Is to the Diſtance run ; : 
So is the Sine of the Remb from the Meridian, 
To the Difference of Longitude : And, 
So is the Co /ine of the Rumb, 
| To the Diiterence of Latitude. 


So the Latitude of the Place from whence you came being 52 deg. and the I 


gitude 35 deg. the Rumb upon which you have failed N E by N, 33 deg. 45 min: 


and the Diſtance which you have ſailed upon that Rumb 96.2 Leagues; you ſhall 
find the Difference of Longitude to be 2 deg. 4o min. and the Difference of Latirud: 
4 deg. So that the Place to which you are come is in the Latitude of 56 deg. and 
in the Longitude of 37 deg. 40 min. | 


. Upon the Chart. 


s hr Place from whence you came being in the Latitude of 52 deg. and in the 
Longitude of 35 deg. is repreſented by H. The Rumb you have failed upon 
being N E by N, 33 deg. 45 min. upon the Point H protract an Angle of 33 deg. 
45 min. and draw the Line H K for the Rumb. Then out of the Side of your Chart 
take 96.2 Leagues, which is fo much as the Ship ſailed, and ſet that upon the Rumi- 
line from H to K, and through the Point K draw the Line K L, parallel co B C, 
(or perpendicular to A B,) and it will cut the Line A Bin L: SoK L being meaf- 
red on the bottom of your Chart, will be found to contain 2 deg. 4o min. the Dif- 
ference of Longitude, which added to 35 deg. the Longitude you came from, gives 
37 deg. 40 min. for the Latitude you are in. Alſo the Line H L being meaſured on 
the Side of your Chart, will be found to contain 4 deg. and ſuch is the Difference of 


Latitude ; which added to 52 deg. the Latitude from whence you came, gives 56d. 


the Latitude in which you ace. 


XI. The Longitude ard Latitude of the Place you whence you came , the 
Rumb por which you . ſailed, and the Latitude of the Place to which you 
are come, being given, to find the Diſtance and Difference of Longitude. 


The Analogy or Proportion. 
As the Difference of Latitude, 
Is to the Radius ; 
S0 is the Tangent of the Rumb from the Meridian, 
To the Ditference of Longitude : 


And, 
As the Sine of the Rumb, 


Is to the Difference of Longitude ; 
So is the Radius, 


To the Diſtance run. 


So the Latitade of the Place from whence you came being 52 deg. and the. Low 
gitude 35 deg. and the Rumb upon which you ſailed the third from the pen 
| | N E by N, 
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N E by N, 33 deg. 45 m- you ſhall find the Diſtance run to be 96.2 Leagues, :nd TO 


the Difference of Longitude 2 deg. 40 min. 


Upon the Chart. 


Pon your Chart aſſign H for your Place from whence you came, in the Lar:- 
[I tude of 52 deg. and Longitude 35 deg. Upon this Point H protra& the Ang! 


of the Rumb, 33 deg. 45 min. N E by N, and draw the Rumb:line H K. Then the La- 


'irude of the Place where you are being found, by Obſervation, (or being otherwiſe 
given,) to be 56 deg. draw a Line quite crofs your Chart at the 56th Degree of La- 
::tude, as the Line 56 56, 'in the Chart crofling the Rumb line in the Point K : So K L 
being meaſured at the bottom of your Char, will be found to contain 2 deg. 45 min. 
which added to 35 deg. the Longitude you came from, makes 37 deg. 40 min. an4 
that is the Lomgitude in which you are. In like manner, meaſure H K upon the Side 
of your Chart, and you ſhall tind ie to contain 96.2 Leagues ; and fo much hath the 
Ship run upon that Point N E by N. | ; "> 

XII. The Latitude of two Places, and" the Difference” of Longitude ibetweer 
them, being known, to find what Rumb leadeth from one to the other. 
And how many Leagues diſtant they are aſunder. 


The Analogy or Proportion. 


. As the Difference of Latitude, 


Is to the Radine ; 
So is the Difference of Longitude, 
To the Tangent of the Rumb. 
| And, 
As the Sine of the Rumb, 
Is to the Difference of Longitude ; 
So is the Radires, 
To the Diſtance of two Places; 


So the Latitude of one of the Places being 50 deg. and the other 52 deg. 3o min. 
and the Difference of Longitude 6.5 deg. the Rumb will be found to be be 67 deg. 
23 min. andthe Diſtance upon the Rumb 6.5 deg. or 120 Leagues. 


Upon the Charr. 


'C| Pon the Point of the greater Latitude at N, 52 deg. 30 min. draw a Line N M; 


parallel co A D, upon which Line ſet 6 deg. the Difference of Longitude of 
the ewo Places (being taken from the bottom -of the Charr) from N to M. Then 
from the Point M draw the Line to E, the leſſer Latitude, 52 deg. which Line taken 
in the Compaſlss, and meaſured upon the Side of the Chart, will be found to con- 
tain 6 5 deg. or 130 League. Alſo the Angle N E M being meaſured by your Chord, 
or Protratting 2uadrant, will be found to contain 67 deg. 23 min. which is the Rumb 
leading from one to the other, namely, ſhort of the E NE Point 7 deg. or NE by E 
11 deg. 8 min. Eaſterly. | | 


The End of the Second Part. 
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OF 


 Mercator's-Sailing. 


The DocTtrineg of RicuyT-LiNED T RIanGLES 
(with the ſupply of Meridional Parts) is applicd to 
PracrTice, in the Solution of ſundry Nantical 
Problems in Sailing by the true Sea-Chart : All per- 
formed, (1.) By Protra#ion. (2.) By Calculation, 
And (3.) Upon the Chart it (lf. , 


__— ct 


Of the Table of Meridional Parts. 


| HE following Table of Meridional Parts is onely an Abridgment of 
Mr. Edward Wright's large Table of Latitudes, which he long ſince pub- 
liſhed in his Book of the Corre&ion of Errors in Navigation, it being to eve- 


Six Minutes of a Degree of Lat:tude : So that this Table ſheweth how © 


many Meridional Parts every Degree, and Tenth part of a Degree of Latitude is 


from the —_— And the Table begins at oo. deg. oo min. but proceedeth by 


every Sixth Minute to 9o deg. or a quarter of the Compaſs : And becauſe in this 
kind of Projeftion of the Sea-Charr, (as you may perceive by the working upon Mer- 
cator*s Chart as hereafter, ) the Degrees of Longitude and Latitude are not equal; for 
the Degrees of Laritude at every Parallel exceed thoſe of Longitude in ſuch propor- 
tion, as the Diametre of the Equmotial exceeds the Diametre of the Paralle: And 
therefore theſe differences of Loygitade and Latitude muſt firſt be.expreſſed by ſome 
common Meaſure ; for which purpoſe this Table ſerveth : For that it ſheweth how 
many equal Parts are contained between the Equine#ial, -and every Degree of Lati- 
tude : namely, of ſuch equal Parts, as one Degree of Longitade contains 60. The Uſe 
of this Table will appear farther, by reſolving the Problems following. 
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Probl. I. To find what Meridional Parts are contained in any Difference of 
Latitude. | 


Let there be two Places, one in the Latitude of 32 deg. 25 min. North, and the 
other in the Latitude of 5o deg. North. LY 
The Meridional Parts belonging to 50 deg. are _ 


The Meridional Parts belonging to 32 deg. 25 min. are 2058 
- Meridional Parts in 19 d. 35 m. the Difference of Latitude 1417 
Which Difference are the Meridional Parts contained in the Difference of the two 


Latitudes. | : 
This holds when the ewo given Latitudes are both North, or both South. 


But if one Latitude be North, and the other South, then the Summ of the Meridio- 
nal Parts of both Latitudes is the Meridional Parts anſwering to thoſe Differences of 


Latitude. | 
So if one Place be in 50 deg. of North Latitzde, and the other in South Latitude 


26 deg. the Meridional Parts anſwering to the Difference. of theſe two Latirudes will 


be 5091. 
The Meridional Parts anſwering to 50 d. of Latitude are 3475 
The Meridional Parts anſwering to 26 d. of Latitude are 1616 


Their Summ Fogn 
Which are the Meridional Parts contained between thoſe two Latuudes. 
II. To turn Degrees ard Minutes of Difference of Longitude 7»to Meridio- 


This is performed by common Multiplication, in this manner : Multiply the Degrees 
of Difference of Longitude by 60, the Produtt is the Meridional Parts anſwering 


. thereunto. 


Let the Degrees of Difference of Longitude be 12 ; this multiplied by 60, produceth 


_ 520 for the Meridional Parts anſwering to 12 deg. of Difference of Longitude. 


But if there be any odd Minutes joined with your Degrees, they muſt be added to 
the Meridional Parts : As, 

Let the Difference of Longitude be 7 deg. 42 min. 7 multiplied by 60 produceth 
420, to Which add the 42 min.and it is 462, the Meridional Parts anſwering to 7 deg. 
42 min. of Difference of Longitude. | 2 

Thus having ſhewed how to reduce Deyrees of Difference of Longitude and Laticude 

into. Meridional Parts, T will now proceed to the Solution of ſome Problems in 
Sailing by the True Sea-Charr, and that by the Doctrine of Plain Triangles. 


HI. The Latitudes of two Places, and their Ditference of Longitude giver, 
to find the Rumb and Diſtance. 
In theſe following Problems I will make uſe of Mr. Nerweod's Example of two 


Places, wiz. the Lizard, Tying in 50 deg. of North Laritude,. and the Somer Iſland; 
— called Bermudas) lying in the Latitude of 32 deg. 25 min. No:th. "Then, 
r 


In the Triangle A D B, let A repreſent the Lizard, and A B the Parz!!.! 2: the Le 
titude thereof, viz, 50 deg, — Let D repreſent the Frm ud, 1nd 12 3B the Mere 
dian thereof. Then, | | 

In the Triangle A DB there is given, (1.) DB, the 7; r-nce of 7 4ttcg 17 deg; 
35 min. which turned into Meridional Parts, are 1417 Pits (2) A Þ, + Difference 


of Longitude, 70 deg. which (turned into Minur:s or 17:25} makes 4400 ; Which 
ewo Sides (and the Right Angle) being given, we ma; 
I. The Rumb A ÞÞ 3. 
By the IV. Caſe of Rizhc-angied Þ/ain Triangles, 

As the Difference of Latitude D B, (17 ©. 35 a) in Parts, 1417. Co. Ar. 6.8486 

Is to the Difference of Longitude A B, (50 deg.) in Miles, þ4 La yet 
So is the Radius, 90 deg. TO. 

Tathe Targent of A D B the Rumb, 71 deg. 21 min © -10.47188 
| | 22S 
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hat the Courſe from the Bermudas to the Lizard is E N E, 3 deg. 51 m. Eaſter- 
ly 200 om the Lizard to Bermudas W S W, 3 deg. 51 min. Weſterly, 
EE” II. For the Diftance in the. Rumb. 
| By the II. Caſe. But firſt, | 
Reduce the Difference of Latitude, 17 deg. 35 min. into Miles, by multiplying them 
by 60, which makes 1055 Miles. Then, = 
the Co-/me of the Rumb D A B, 15 deg- 39 min. Co. Ar. 0.4951 
An to Daring of Latitude, D B, in Miles, 105 5. | 3.02 BN 
So is the Radims, 9o deg. ; PIE = Io. 

To the Diſtance A D, 3299 Miles #3.51839 
Which is almoſt 1100 Leagnes. . | | 
Note, In this or the like Caſes, whenſoever we ſpeak of the Diſtance of two Pla- 

cs, is meant their Diſtance meaſured in the Rum. 
IV. The Latitudes of two Places, and their Diſtance giver, to find the Runib, 
and Difference of Longitude. 

Suppoſe I ſail from the Lizard at A, in the Latitude of 5o deg. upon ſome Point 
to the Weſtward, 3299 Miles, and then find my ſelf in the Latzrude of 32 d. 25 m. 
I would know upon what Courſe I have made my Way good, and how much I have 
altered my Longitude. _ | 

In the Trievg/e ADB there is given, (1.) A D, the Dif ance ſailed, 3299 Miles. 
(2.) D B, the Difference of Latitudes in Miles 1055, by which I may find the Rumb 
and Difference of Longitude, 

IT. For the Rumb. | - 
By the V. Caſe of Right-angled Plain Triangles. , | 

As the Dif ance failed, A D, 3299 Co. Ar. 6.48161 

To the Radims, 90 deg. 10. 

So is the Difference of Latitude, D B, 1055 Miles EE. 3.02325 

To the Co-/ne of the Rumb D A B, 18 d. 39m. 9.50456 | 


. Thatis, WS W, 3 deg. 51 min. Weſterly. 
i IT. For the Difference of Longitude. - 


Find (by Prob. T.) what Meridional Parts are contained in the Difference of Latitude 
17 deg. 35 min. and they will be 14197 Parts. Then, . 


As the Radizes, 9o deg- IO. 
To the Difference of Latgtude in Parts, D B, 1417 3.151 

So is the Tangent of the Rxmb A DB, 51 d. 21 m. 10.471 ; 
To the Difference of Longitude A B, in Parts 4200 XY 3-62325 


Which Parts reduced into Degrees, ( by dividing them by 60, ) the Duotient is 
70 deg. for the Difference of Longitude required. 


V. By the Rumb, and Latitude of two Places given, to find their Diſtance 
and Difference of Longitude. 


Admit-I ſail from the Lizard at ID, (being in the Laritude of 50 deg.) W SW, 
3 deg. 51 min. Weſterly, cill I find my elf at A, in the Latirude of 32 deg. 25 min. 
| demand how far I have failed, and how much I have altered my Longitude. 
The Diſtance is found as in the Latter Part of Probl. III. The 17 deg. 35 min. con- 
verted into Miles is 1055 Miles. Say then, - 


As the Co-/me of the Rumb D A B, 13d. 39m. Co. Ar. 0.48514 
To the Difference of Latitude D B in Miles, 1055 3.02325 
So is the Radiws, 90 deg. mY 
To the Diſtance A Din Miles, viz. 3299 | X3.51539 


Thus 
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Thus for the Diſtance : And for the Difference of Longitude, that may be found as 
in the Latcer Part of Pro}. IL. thus: | 

As the Rady, | 
Is to the Difference of Latitude in Meridiona! Parts , 

So is the Tangent of the Rumb, 
To the «fv of Longitude in Minutes. ; | 

Which divided by 60, gives the Difference of Longitude in Degrees, viz. 70 deg. 


VI. By the Difference of Longitude, the Rumb, and one Latitude, to find 
the other Latitude and the Diſtance. 


Admit I fail from the Lizard at D, (being in the Latitude of 50 deg.) W SW, 
3 deg. 51 min. Weſterly, cill I have altered my Longitude 70 deg. how much have I 
depreſſed the Pole, and how far am I from the Lizard ? | 
Firſt; Reduce the Difference of Longitude, A B, 70 deg. into Minutes, by mulciplying 
them by 60, it makes 4200: Then ſay, | | | 


As the Fagan of the Rumb A D B, 51 deg. 21 min. Co. Ar. 9.42829 
To the Difference of Longitude A B in Parts, 4200 3-62325 
So is the Radias, go deg. _ 
To the Difference of Latitude of Latitude D B in Parts, 1417 | F3.15154 


Now the Aeridionsl Parts anſwering to 50 deg. of Latitude are 3475, from which 
fuberacting 1417, (the Parts here found,) there remains 2058 ; which ſought in 
the Table, 'againſt it you will find 32 deg. 25 min. which is the Latitude of the 
Place to which I am come; fo that the Difference of Latitude is 17 deg. 35 min. 


Secondly, For the DiF#tance, 


Having already the Rumb and Difference of Latitude, the Diffance may be found as 
in the Il. and V. Problems, in this manner.- 


As the Cs-/rze of the Rumb D A B, 18d. 39 m. Co. Ar. 0.49514. 
To the Difference of Latitude D B, 1055 Miles 3.02325 
So is the Radims, 90 deg. To. 
To the Diſtance A D, 3299 Miles X3.51839 


VII. The Ruinb, the Diſtance, ard one Latitude given, to find the other 
Latitude, ard the Difference of Longitude. | 


Suppoſe I fail W SS, 3 deg. 1 min. Weſterly, 3299 Miles, and then find my ſelf 
in the Latitude of 32 deg. 25 min. I demand the Latitude of the Place from which I 
came, and the Difference of Longitude between That and This. | 


Firſt, For the Dference of Latityde, ; 
As the Radius, 90 deg. | 


| 10. 
Is to the Diſtance ſailed, A D, 3299 Miles oo 183$ 
SO 15 the Co-/ize of the Rumb D A B, 18d. 39m. | 9.50486 
, To the Difference of Latitude D B, 1055 Miles X3.02 324. 


Which 1055 Miles converted into Degrees, is 17 deg. 35 min. the Difference of 


Latitude required, which added to 22 deg. : 7 . 
tude of the Firſt Place. 32 Geg. 25 min. makes 50 deg. for the Lan 


The D#ference of Longitude is found as before in the IV. Problem, thus : 
As the Radiar, | | 

To the Difference of Latitude in Meridiona! Parts; 
So is the Tangent of the Rumb, 

To the Dfference of Longitude-in Minutes. 


And thus the Difference of Longitude will be found, as in this Example, to be 70 deg 
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VIII. To convert the Difference of Longitude found in any Parallel, in De- 
grees and Minntes, iz#to Miles. | 


Admit there be two Places, A and B, both in the Parallel of 50 deg. of Latitude 
which differ in Longitude 70 deg. I demand the Difance of thoſe two Places. 

It is to be underſtood, that the Minntes of Longitude in any Parallel are in Propor- 
tion to the Difance in Miles, as the Equinoial is to the Parallel z, or, a5 the Semidi%L 
wwetre of the One is to the Seridiametre of the Orher. That is, 


As the Redims, go deg. . Pn THEN 
Is to the E-ſme of the Latitude, 40 deg. 9.80807 

So is the Difference of Longitude in Miles, 4200 | 3.62225 
To the Diftance in that Paralle] 2700 Miles '73-43132 


By Protra&ion. | 
Let ic be required to protrat the two Places before mentioned, one in the Latitude 
of 50 deg. the other in the Latitude of 32 deg. .25 min. and differing in Longitude 
7b deg. both by the Plain, and by the Trae Sea Charts. ' 6 
Firſt, Draw a Right-line, E X, repreſenting the Parallel of the Latitude of the Li- 
zard, 32 deg. 25 min. and upon it fet 70 deg. the Difference of Longitude (in Miles 
4200) from A to E. 


Secondly, From Z let fall a Perpendictlar A C, repreſenting the Meridien of 
Bermudas : And becauſe the Difference of Latitades is 159 deg. 35 min. and the Meridio- 
#4] Parts anſwering thereunto are 1417, ſet them from X to C, and draw the Line 


E C; ſo ſhall you have conſtituted a Right-angled Triangle X E C. 

Again, Reduce the 17 deg. 35 min. the Difference of Latieude, into Miles, by mul- 
tiplying of them by 60, and they make 1055, which ſet from C to A, and through 
A draw the Line A B Parallel, and of the fame length wich E AX, (viz. 4200 Miles) 
and draw the Line B C, confticuting another Right-angled Triangle A B C. = 

Now is C Bermudes, and B che Lizerd, diſtant. 4329 Miles, according to the Play 
Chart ; but C D the Diſtance 3299 Miles, according to the True Chart :— The Diffe- 
revce 1030 Miles. 


And now is B C the Rumb-line betweeti the two Places, according to the Plain 


Chert ; but C E the Rumb-line, according to the Trae Chart; and the Angle B CA, 
75 deg. 53 min. is the Courſe, iccording to the Plain Chart ; but the Angle E C X, 
71 þr- 4 21 min. is the Courſe according to the True Chart, differing 4 deg. 32 min. 

o, E X is the true Difference of Longitude, and A D the true Meridian Diſtance 
or Departure. | 
. In This manner may all the other Problems before Calculated be Protrafted; but 


_ this one may ſuffice, the Protra#ion differing nothing from that of the Plain Chart, 


only you muſt uſe the Proper Difference of Longitude and Latitude, in figad of che other. 
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PROBLEM'S of.SAILING”' 
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PROBL. 1. How to make a".Sea-Chart (both General and Particular) 
according to Mercator's Proje@ igr., To 


"A Sea-Chart, according to this Proje&iom, may be made General, from the Rquine- 
| #ial towards either of the Poles.; : or Particalar, for any one deſigned Vozage 
berween any two Parallels of Latitude, ; both which are to be made by help ot-che 
following 7able, which is fitted for dividing of a Meridian Line (or Scale) upon a 
Ruler, as Mr. Gunter hath \taught how to doe: , And ſuch a Meridian Scale maybe 


conveniently ſet upon fuch a Raler, as'15 before deſcribed, Lib. 3. Part 2. of Prattical 
Aſtronomy, . But let it ſyflice here to ſhew, how to, Project a Sea:Chart by the follows | 
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ll - ATABLE for Dividing the Meridians i a True Sea-Chart. 
|; D. D. D. oh " 
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| — —— ——— mm —_— 
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Part Ill. Of SAIL 1 NG by the True Sea-Chart. K--: 


I. The Uſe of the Table in making a General Sea-Chart according to 
. Mercator's Proje&ior. 


TOR the manner of Diviſion of the Parallels of Lowgitude upon the e£quatcr, let Fir. V III. 
the e/£quator . £ be drawn, and divided and croſſed with Parallel! Meridians, 
in all reſpects as in the Plain Sea-Chart : But for the dividing the AMcridians you muſt 
have recourſe to the following Table, and work in this manner. 
Example 1. To draw the Parallel of 10 deg of Latirude from the Equin:ial. 
* Look in the Table for 10 deg. againſt which you ſhall find 10.05 ; this Number 
being taken out of the Diagonal Scale from which your Equmottial A. & was divided, 
(or from the Equine#zal it felt, it being ſo divided,) and ſet them upon the Meridian; 
AP and e S, from A to 10, and from 2 to 10, and draw the Line 10 10 for the 
Parallel of 10 deg. of Latitude from the Equineftial, either Northward or Southward. 
Example 2. Let it be required to draw the Parallel of 49 deg. of Latitude from 
the Equmo&ial. 

Look into the Table for 40 deg. and againſt it you ſhall find 43.751 Parts, which 
take from the ſame Diagonal Scale, and Tet them upon the Meridians F. P and S, 
from X to 49, and from to 40, and draw the Line 40 40 for the Paralle] of 40d. 
of Latitude. - 

Example 3. To deſcribe the Paralle] of 55 deg. of Latitude. 
Look in the Table for 55 deg. againſt which you find 66.13, which taken out of 
the Scale, (or divided Equinodially )it will reach from A toF, and from e to E; fo the 
Line F E being drawn, it ſhall be the Parale] of 55 deg of Latitude : And fo for any 


other. | 


Il. The Uſe of the foregoing Table in making a Particular Sea-Chart, 
according to Mercator's Proje&ion. | 


O make a Particular Sea Chart according to this Proyettion, firſt, draw the Line Fig. IX. 
T E F, ſerving for the Firſt Meridian, and croſs ic with two Parallels, F G and 

E H, the one at the upper, the other at the lower end of the Chart, which may ſerve 

for the extreme Parallel; of Zarirude between which your Navigation will extend. 

Then conſider at what Latitude the Chart is to begin and end ; ſo this Chare hers 
intertded is between the Latzudes of 49 deg. and 57 deg. I therefore look into the 
Table, and find that 49 deg. of Latitude muſt be drawn at 56.39 Parts, and 57 deg. 
of Latitude at 69.71 Parts of the Equino#ial: Subtra 56.37 from 69.71, the Remain- 
der will be 13.34, which is the Meridional Diſtance between the Latitude of 49 deg. 
and 57 deg. This done, take the Line-E F in your Compaſſes, and meaſuring it 
upon a Diagonal Scale, you will find it to contain 12.75, Then ſay by the Rule 
of Proportion ; | 

As 13.34, the Meridional Diſtance between the two Latitudes, 

Is to 1009 3; 

So is 12.75, the Meridional Diſtance between the two extreme Latitudes, 
To 0.92, the Parallel Diſtance of the Meridians. 
. Wherefore, take 0.92 out of the ſame Diagenal Scale upon which you meaſured 

the Line E F, and with that Extent ſet. off the other Meridians at both ends of the 
Chart, at 1, 2, 3, &c. and through thoſe Points draw the Meridians 1, 1,—2, 2,—3,3, 
parallel to the firſt Meridian E F, and number them with r, 2, 3, &c. and az 
_ each Space between I and 2,6. into 10 or 100 Equal Parts; for it is ſuppoſed eve- 
ty of them to be divided into 1000 Equal Parts. 

The Meridians being drawn, and the Parellel/s of the two extreme Latitudes divi- 
ded, as is before ſaid, proceed we now to prick down the other intermediate Parallels 
of Latitade, as followeth. | | 
| Look in the Table for 49 deg. againſt which is 56.37 : Alſo look for 50 deg. 
againſt which is 57.91, their Difference is 1.54 ; which taken out of the divided 
Parallel of 49 deg. E H; will reach upon the Meridians EF and H G, from 49 to 50; 
ſo the Line 50 50© ſhall be the Parallel of 50 deg. of Latitude from the Equine&ial. 

Then for the Parallel of 51 deg. 
The Number againſt 51 deg. is | 59.45 
From which ſubtract the Merid. Diſtance of 49 deg. 56.37 


The Remainder is 3.11 
L TH-3- Which 
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7 out of the divided Parallel of 49 deg. will reach upon -the Meri- 
Ph —_— HG to51ands5 1; fo the Line 51 51 being drawn, hat be the Pa- 
' rallel of 51 deg. of Latitude from the Equinoetial : And ſo, by continual ſubtracting 
of 56.39 (the Meridional Diſtance of the leſſer given Latitude 49 deg.) from the 
Meridional Diftance, againſt every Degree of Latitude in the Table, they ſhall give 
Points whereby to prick down all the Parallels beyond 49 deg. towards cither 


Pole : As in this little Table for this Chart. 


D. | 
E501 r57.909\ - 2.4407: 
1 a81\- | 2.112 ) Shall be the Difance 
- : Tet SraA $6269 Tow of the fete Pa- 
Prom ho 2653-1 6 62.730 t _ f - -] .361 Lallels of Latitude up- 
dional Diſtance of $ "1 dan 64.412 ft "3s x = 043 ; on the Firſt 1eridian 
55 66.134 a Oo ” 9.765 [from E and H, to- 
56 | [67.95 Cans 11.531 | wards F and G. 
579 L09.7123. 13.343. 


For the Sub-diviſions of theſe Degrees of the Meridian they may be divided each 
of them into equal Parts, as the Diviſions at the top and botrom of the Charr ought 
to be ; but the Degrees of the Meridian, as they grow higher, they ought ſtill to 
grow greater. Bur the difference is fo ſmall, that it cannot produce any conſidera- 
ble Error, though the Sub-diviſions be all made equal between Degree and De. 
gree. You may therefore divide them eicher into 60 Minutes or Eng/1/\ Miles, or 
into 20 Leagues, or into 100 parts of Degrees, as you ſhall belt like ot. 

Your Chart being thus prepared, I will now come to ſhew you how co reſolve ſe- 
veral Problems upon it. | 
II. To find how many Leagues do anſwer to one Degree of Longitude 71 every 

ſeveral Latitude. | 


Pon the two edges of your Protrating Quadrant there are two Lincs, the one 
LI divided into 20, the other into 60 equal parts. 

Take therefore the leaſt diſtance from the Complement of the Parallel's diſtance 
from the Zquaror, ( or the Complement of the given Latitude: ) this diſtance being 
meaſured upon the edge that is divided into 20, ſhall ſhew you what number of 
Leagues make one Degree of Longitude in that Parallel of Latitude. And the ſame 
Diſtance, being meaſured upon the other edge that is divided into 60, will give fo 
many of our Miles, or ſo many Minutes of the e-£quineftal, or any other great 
Circle, as are an{werable to one Degree of Longitude in that Latitude. 

Example. Let it be required to find how many Leagues do anſwer to one Degree 
of Longitude in the Latitude of 18 deg. 12 min. 

Set one Foot of your Compaſſes in 71 deg. 48 min. the Complement of the given 
Latitude, and with the other take the neareſt Diſtance to the fide of the Quadran 
which is divided into 20 : that Diſtance, meaſured upon the Line 20, will reach 
from the beginning thereof to 19: and fo many Leagues do anſwer to one Degree of 
__ in the Latitude of 18 deg. 12 min. | 

r, it you take the leaſt Diſtance from 18 deg. x2 min. the Latitude it ſelf, in 
the Limb of the 2uadrant, to that edge which is divided into 60, that Diſtance will 
alſo reach to 19 upon the Line 20, as before. 

| And the ſame Diftance, being meaſured upon the Line 60 of the Quadrant, will 
give you 57 parts : and ſo many Minutes of the e£quator are an{werable to one De- 
itude in the Parallel of 18 deg. 12 min. of Latitude. | 

So likewiſe in the Latitude of 25 deg. 15 min. if you take the leaſt Diſtance from 
the Complement thereof, or from the Latitude it felf, to the edges of the Quadrant, 
you ſhall tind that Ditftance to reach 18 in the Line of 20: and ſo many Leagues 
do anſwer to one Degree of Longitude in the Latitude of 25 deg.. 15 min. or unto 
54 in the Line of 60 : and ſo many Minntes of the e-/£quator do an{wer' to one De- 
gree of Longitude in that Parallel of Latirade. TE | E | 
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The Analogie or Proportion z, 


As the Radins, | 6 

| Ib to the CorSine of the Latitude 64 deg. 45 min. 9.9563$ 

So is 20 Leagues, | I.30103 

To 18 Leagues, X1,25741 
And | 


So is bo Minutes or Miles, 
To 54 Minutes or Miles. 


II. By the Latitude of two Places and their Diſtance, to find the Rumb. 
The Analogie or Proportion. 


As the Diſtance upon the Rumb, 6 deg. Mer. Parts 361, 2.55751 
' T6 to the Radirs, 9o deg. 10. 
So is the Difference of Latitude, 5 deg. Mer. Parts 300, | 12.47912 


To the Co-Sine of the Rumb, 56 deg. 15 min. | 9.91961 
Thus if the Places given were one in the Latitude of 50 deg. and the other in the 
Latitude of 55 deg. and the Diſtance upon the Rumb 6 deg. or 120 Leagues; the 
Rumb leading from one to the other will be found to be the third from the Aridian, 


namely N E by N. 33 deg. 45 min. 
Upon the Chart. 


ET A repreſent the Place in the Latitude of 5o deg. and C thatin 55 deg; 
/ whoſe Diſtance from Ato C is 6 deg. Take 6 deg. out of the Aferidian-lmne, 
by ſetting one Foot as much below the lefſer Latitude as above the greater, which 
will be from K in the Latitude'of 49% deg. to in the Lazywde of 55! 5 either of 
which are half a Degree above and under the two given Latitudes. . Take this Di- 
fance K. L in your Compaſſes, and ſerring one foot in A, (che leſſer Latitude ) with 
the other croſs the Parallel of the greater Latitude 55 deg. in the Point C, and draw 
a Right-Line from A to C. . So ſhall che quantity of the Angle B A C, being found, 
(either by your Chord or Quadrant,) ſhew you the Inclination of the Rumb to the 
| Mrridian to be 33 deg. 45 min. the N E by N, Point. | | 
Note, That in the Propoſitions following, the Difference of Longitude muſt always be 
taken out E the Kquator, and meaſured thereupon alſo. But the Difference of La- 
titude and Diftance upon the Rumb muſt always be meaſured upon, and taken out of 
the Meridian-Line of your Chart. And hereafter I ſhall call them the proper Difference, 


and proper Diſtance. | 
IV. The Longitude ard* Latittide of two Places being given to find the 


- 


Rumb. 
| | The Analogie or Proportion. 
As the Proper Difference of Latitude 5 deg. Mer. Parts 493, 2.69285 
Is to the Radins, 90 deg. 10. 
So is the Difference of Longitude 5 deg. 30. Mer. Parts 330, | 12.51851 
To the Tangent of 33 deg. 45 the Rumb. 9.82556 


Thus if the Places ſhould lie one in the Latirude of 50 deg. and the other in the 
Latitude of 55 deg. and the Difference of Longitude between them were 5 deg. 3o min. 
the Rumb leading from one Place to the other will be found to be the third from the 


' Meridian N E byN. 33 deg. 45 min. | 


Upon the Chart. | 

Y Meridians and Parallels being drawn through, the two Places at A and C, 

and a ſtreight Line from A to C, for the Rumb, by your Chord or Quadrant 

find the quantity of the Ang/e B A C, which you will find to be 33 deg. 45 min. 
or the third Lumb from the Meridian N E by N. 

Bur if this Kumb were to be found by the Common Sea-Chert, it would be found 

to be above 47 deg. that is, NE 2 . Eaſterly; that is, one whole Point and 

2 deg. more Eaſterly than it ſhould be. Sag 
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V. The Latitude of two Places, and the Rumb being given, to find the Dif- 
| ference of Longitude. | 


The Analogy or Proportion. 


As the Radius : I9, 
Is to the Tangent of the Rumb, 33 deg. 45 min. 9.582489 
So is the Proper Difference of Latitndes, Mer. Parts 4935 2.69285 
To 330, the Difference of Longitude 6 deg. 30 min. | xX2.51774 


Thus the Latitade of one Place being 50 deg. and the other 55 deg. and the Rumb 
leading from one to the other being the third from the Meridian, the Difference of 


Longitude will be found to be 5: deg. | 


Upon the Chart. 


ET e Meridian be drawn through A, and a Parallel -of Latitude through C. 

Then upon the Angle A Protrat the Angle of the Rumb 33 deg. 45 min. So 

the Diſtance B C upon the Parallel, being meaſured upon the bottom ot the Charr, 
will be found to contain 6 deg. 3o min. 

But if this Difference of Longitude were to be found by the Plain Sea-Chart, the 
Difference of Longitude would be found to be but 3 deg. 20 min. which is more than 
3 deg. leſs than the truth :- And yet this Error would be yet greater, if either the La- 
titude be greater, or the Rumb farther from the Meridian. 


VI. The Difference of Longitude of two Places, the Latitude of one of them, 
and the Rumb leading from one to the other given, to find the Latitude 
of the other Place. ; 

MF | The Analogy or Proportion: 
As the Radius, | | IO, 


To the Co-Tangent of the Rumb, 56 deg. 25 min. | 10.1751 
So is the Difference of Longitude 6 deg. 30 min. ( or 330 Parte, ) 2.51551 
To 493, the Proper Difference of Latitude in Parts. x 2.69362 


Thus if the Latitude of one of the Places were 50 deg. the Rumb leading from that 
to the other NE by N. 33 deg. 45 min. and the Difference of Longitude between the 
ewo _—_ were 5 deg. 30 min. the Latitude of the ocher Place will be found to be 
iN 55 UCSe | 

Upon the Chart. 
Ec AB and DC be two Meridians drawn through A and C, at 5: deg. he 
Difference of Longitude, and a Parallel of Latitude through A, croſſing the Me- 
ridian C D in D: "Then upon the Point A Protrat an Angle equal to the Rumb 
from the Meridian given 33 deg. 45 min. So the Line CD, being meaſured upon 
the Meridian from A, the given Latitude, 50 deg. will reach to 55 deg. the proper 
Difference of Latitude. So that the other Place lies in the Latitude of 55 deg. 

But if this Difference of Latitude were to be found by the Plain Sea-Chart, this Dif- 
ference of Latitude would be found to be 8 deg. 13 min. and the Latirude ſought 
would be found to be 58 deg. 13 min. above 3 more than the truth ; as by the 
Triangle for that purpoſe drawn upon the Plain SeaChart, marked with T V E may 
appear. | bs 


VII. Having the Latitude of one Place, the Rumb leading from that Place to 
another unknown, and the Diſtance upon the Rumb from the firſt to the 
ſecond Place, to find the Difference of Longitude of the two Places. 


The Analogy or Proportion. 


—_ Radins, | 10. 

| 5 to the Sine of the Rumb from the Meridian, 33-deg. 45 min. 9.74474 

SO is the Proper Diſtance upon the Rumb 6 deg. Pats is : 2.97305 
To 330 min. ( or 5 deg. 30 min. ) the Difference of Longitude. 2.51779 
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Thus if the two Places were one in the Latitude of 50 deg. and the other in a 
preater Latitude, bur unknown 3 the Proper Diſtance upon the Rumb leading from one 
Place to the other being 6 deg. and the Rumb N E by N. 33 deg. 45 min. the D-/- 
ference of Longitude will be found to be 5; deg. | 


Upon the Chart. 


Hrough the Point A in the Latitude of 50 deg. let be drawn a Meridian A B, 
T and a Parallel A D; and upon the Point A Protraft an Angle equal to the 
Rumb from the Meridian 33 deg. 45 min. Then take with the Compaſſes 6 Degrees, 
the Proper Diſtance upon the Rumb, out of the Meridian-line, ( having reſpe&t to the 
Latitude of the Places, ) as from K to L, and ſer that Diſfance upon the Rumb from 
AtoC. Then through C draw another Meridian C D, crofling the Parallel drawn 
through A in the Point D. So the Line AD, being meaſured at the bottom of 
the Chart, will be found to contain 51 deg. the Difference of Longitude ſought. 

Bur if this Difference of Longitude had been to be found by the common Sea-Chart, 
it would be found to have been onely 3 deg. 20 min. which is 2 deg. 10 min. leſs. 
than the truth ; as in the Plain Chart may be ſeen, where the Third Rumb from the 
Meridian cuts the Parallel of 55 deg. of Latitude in 3 deg. 20 min. of Longitude at 


the Point X. 


VIII. The Difference of Longitude between two Places, the Rumb leading 
from one Place to the other, and the Latitude of one of the Places being 
given, to find their Diſtance. . | 


The Analogy or Proportion. 


As the Sire of the Rumb 33 deg. 45 min. 9.74474 
Is to the Radims, Io. | 

So is the Difference of Longitude 5 deg. 30 min. (in Parts 330.) 12.5151 
To 6 deg. the proper Diſtance upon the Rumb, (or 593;) 1 879 


Thus, if the Latitude of one Place were in 50 deg. the other in a greater Lati- 
tude unknown, the _— of Longitude between the two Places 53 deg. and the 
Ramb N E by. N. 33 deg. 45 min. from the Meridian ; the proper Diſtance upon the 
Rumb will be found to'be 6 degrees. 


Upon the Chart. | | | 


ET two Meridians, AR and CD, be drawn through A and C, according 

to the Difference of Longitude, and a Parallel of Latitude through A, crofling 
. the Meridian C D in the Point D. Then upon the Point A Protrat an Angle of 
33 deg. 45 min. the quantity of the Rumb from the Meridian, and draw the Line 
A C croſſing the Meridian CD in C. So the D:iffance C D, being taken in the 
Compaſſes, and meaſured upon the Meridian line of the Chers, ( ref being had to 
the Latitude of Places) that is, ſo much above the greater Latizude as below the lef- 
fer Latitude, bur will find it to contain 6 deg. Ws 

But if this ſetting of the Compeſſes ſo much above one Latitude as below another 
kem difficult, it may be thus otherwiſe done.—— For, the Rumb-line being drawn, 
it will cut the Aderidian C D in'C: fo a Parallel drawn through C will cut the 24:- 
ridian AB in B: ſois B the Latitude of the ſecond Place, wiz. 55 deg. Then di- 
vide the D;iance between the two Latitudes A and B in two equal Parts in the 
Point M; alſo divide the Rumb-line A C in two equal Parts in N : Then take*ch& 
Diftance NC or NA, and ſerting one foot of the Compaſſes in M, the ocher will. 
reach to L above the greater Latitude, and from M tk as much below the. lef- 
ſer Latitude, namely, 30 min. or half a Degree on either ſide; ſo that berween K 
and L are contained 6 deg. and that is the proper Difance upon the Rumb.  - 

But if this Diſfance were to be found by the Plain Chart, it would be almoſt 
10 deg. or 199 Leagues, which is 79 Leagues more than in truth it ſhould be : As 
may appear, it you meaſure the Line A L in the Plain Chart, upon the ſide thereof. 


: 


j 


IX, The 
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IX. The Difference of Longitude, a4 Diſtance of two Places, with the La. 
titude of one of the Places, being grven, to find the Rumb that leads 
from one to the other. 


The Analogy or Proportion. d: 

As the proper Di/fance upon the Rumb 6 deg. (or 593, ) | 2.77305 
_ . Is to the Difference ot Longitude 5 deg. 39 min. (or 330, ) 2.51851 
So is Radime, | | 2... EY 
To the Sine of 33 deg. 45 min. the Rumb from the Meridian. 9.74546 


Thus, if one of the Places lay in the Latizude of 50 deg. and the other in a greater 
Latitude, but unknown; the Dsfference of Lengitude between them 5; deg. and their 
proper Diftence upon the Rumb 6 deg. the Inclination of -the Rumb to the Meridian, 
which leadeth from one Place to the other, will be found co be 33 deg. 45 min. 
' that isthe NE by N Point. I 


Upon the Chart. 


Et the Meridians AB and D C be drawn thraugh A and C, and through 
A a Parallel of Latizude AD: Then open the Compaſſes ( having re- 
ſpe& to the Latirudes ) from K to L, the quantity of 6 deg. in the Meridian; 
and ſetting one foot of that Extent in A, with the other foot croſs the Meridian 
CD inC, and draw the Right-Line A C for the Ruymb. Laſtly, By your Chord or 
©uadrant find the quantity of the Angle B A C, 33 deg. 45 min. and that is the 
Rumb required N E by N. | 
But if you were to find this R«mb by the Plain Sea-Chart, it would be found al- 
moſt the E N E Point within 1 deg, 30 min. differing from truth near 3 whole 
Points to the Eaſtward. . 


X. The Longitude and Latitude of tmo Places being gruen, fo find the Dj- 
ſtarce upon the Rumb. | 


| The Analogy or Proportion. 

As the proper Difference of Latitude 493, Ws 2.69285 
Is to the Difference of Longitude 330, I2.51851 

SO is Radims, Io. 
To-the _—_ of 33 deg. 45 min. the Run. 9.82566 
' As the Sine of the Rumb, 33 deg. 45 min. | 9.74474 

.  \sro the Radimry, | Io. 
* So is the Difference of Longitude 5 deg. 30 min. (or 330, ) 12.51851 
To 593, (or 6 deg.) the proper Diſtance upon the Rumb. 2.77377 


Thus, the two Places being one in the Latitude of 50 deg. the other in the Lati- 
rude of '5 5 deg. and'the Difference of Longitade between them being 5: deg. the pro- 
per Diftaxce upon the Rumb will be found to be 6 deg. 


4 Upon the Chart. 


Raw the Meridians A B and CD, the Difference of Longitude between them 
-being 55 deg. and through 'A and B draw two Parallels BC and AD, and 
then the Line for the Rumb leading from the one to the other AC. So AC, be 
ing taken in the Compaſſes, and meaſured upon tha Meridiam-line of the Chart, with 
this 'condicion, that art' the refting of the Compaſſes upon the Meridian-line, one foot 
be ſo many Degrees above the greater Lat;rude as the other foot is below the leſſer 
Latitude}, fo will the feet of the Compaſſes reſt in the Points K and I, one being 
30 min. below the lefler Latitude, and the'other 30 min. above the greater. 
Bur if this Di#ance upon the Rumb were to be found by the Plain Charr, it would 
be found to be almoſt 57 deg. 15 min, or 245 Leagues, which is 25 Leagues more 
than ic ſhould be. | 


XI. The 
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[The Latitude' of two Places; and their Diſtance npon the Rutab beiny gi- 
IT _ to find their Diffrcirs of Longitude. © + . 3 & 


| The Analogy or Propertion. 


* As the proper Di#fance upon the + Rumb 593, . 2.75305 
Is to the proper Difference of Latitude 493, , ' p2:69285 
So is Radur, : on 16. - 7 
To the Sine of 56 deg. 15 min. the Comp. of the Rumb ; . 9.91980 
' And * hls 


So is the Sine of the Rumb from the Meridian, 33 deg. 45 min. 
To the Difference of Longitude, 33O. 


Thus, if one of the Places be in the Latitude of 50 deg. and the other in 55 deg. 
and their proper Diſtance upon the Rumb 6 deg. or 120 Leagues: their Difference of 
Loygicude will be tound to be 5 deg. 30. | 


' Upon the Chart. 


Raw AD and BC, two Parallels of Larircude, through 50 deg. and. 55 deg- 
D which were the two given Latitudes : Then out of the 'Meridian-lime take the 
| proper Diſtance upon the Rumb ( having reſpect to both Larzaudes) from K to L: the 
Compaſſes being opened to this Diſtance, one foot being ſet in A, the leſſer Latitude, 
the other will crofs the Parallel of the greater Latitude in C.. So the Diftance-B C, 
being meaſured at the botrom of the Chart from. E, will reach to 5 deg. 3a min. 
and fuch is the Difference of Longitude between the two Places. . | s 

But if chis Difference of Longicude were to be found by the Plain Chart, itwould 


be bat 2 deg. 20 min. which is no leſs than 2 deg. 10 min. lefs chan the truth'z as 
by the Triangle F V E, drawn upon the Plam Chart, may appear. cert binge / 


XII. The Difference of Longitude of two Places, their Diſtance upon the 
Rumh, a»d the Latitude of one of the Places being given, to find the 


Difference of Latitudes += 3 | 
We | The Analogy or Proportion. | 
As the proper Dance of the two Places upon.the-Ramb, 593 2.77305 
Is to Radirg, | Io. : 
So is the Difference of Longitude, 330, | I2.5185t 
To the Sine of 33 deg. 45 min. the Rums : 9.74546 
| And "4 


So is the. Co-ſine of the Rumb, 56 deg. 15 min. 
To 493, the proper Difference of Latitades. 


Thus, the Difference of Longitudes being 5: deg. their proper Difanre upon the 
Rumb 6 deg. and the Latitude of one of the Places 50 deg. Hs Difference of Fades 
will be found to be 5 deg. | 

| Upon the Chart. | 

þ Kym. the given Latitude A draw a Meridian A B, and a Parallel A D, and 

upon the Parallel fer the Difference of Longitude 5; deg, taken from the bottom 
of the Char, from A to D, and through-D draw the Meridian D GC: Then out of 
the Meridian-line take the proper Diſtance upon the RBnb, 6 deg. from K to L, and 
ſetting one foot of the Compaſſes in A, with the other croſs the Meridian C D in C: 
ſo a Parallel of Latitude drawn through C will be the Parallel of 55 deg. - So is 
55 deg. the Latitude of the other Place, and 50 being taken from 55, leaves 5 deg. 
tor the Difference of Latitudes required. 

Which Difference, had it been to be found by the Plain Chart, would have been 
but'2 deg. 25 min. that is, 2 deg. 35 min. leſs than the truth; as by the Triangle 
TVE upon the Plain Chart may appear. 


XTII. 7Þe 


——— 
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XII. The Latitude of two Places, and their Difference of Longitudes being 
| given, to find the Rumb leading from one to the other, and alſo how 
many Degrees diſtant they are 4.7. 


| His Propoſition is already performed in the Example of the two Places A and B; 
| but for variety I will cake two other Places, and only ſhew the manner of 
working upon the Charc. | 
Suppoſe then two Places, one (as before) in the Latitude of 5odeg. the other in 
the Latitude of 52 deg. 30 min. whoſe Difference of Longitudes is 6 deg. 


Upon the Chart: 


| Through the two given Latitudes, 50 deg. and 52 :, at A and O draw two Paral- | 


lels, O P and A D) upon which ſer the Difference of Longicudes from O top, 
and from AtoQ, 6 deg. Then draw the Line A P, which ſhall be the Line of the 
Rumb leading from one Place to the other : Wherefore, by your Chord or Pro- 
erating Quadrant find the Quantity of the Angle O A P, which ſhall be the Inclina- 
tion of the Rumb to the Meridian, and will be found to be 56 deg. 15 min. that is, 
the N E by E Point; which was the firſt thing that was required. 

Then to find the proper Diſtance upon the Rumb, take the Line A Þ in your 
Compailes, and meaſure it upon the Meridian-line, ſo that one Foot may be aboye 
the greater Latitude fo much as the other is below the lefler ; and you will find the 
Compaſs-points to-reſt in E andS, E being one whole Degree below the leſler La- 
eitude, and S one Degree above the greater : So that there 1s intercepted between E 
and S 4: deg. and that is the proper Diſtance upon the Rumb, which was the {6 
cond thing required. 


But if this Problem had been wroughe upon the Plain Chart, the Rumb from the | 


Meridian would be found to be 67 deg. 23 min. that is, within 7 min. of the ſixth 
Rumb > wrogg is more chan the truth by 11 deg. 8 min. almoſt a whole Poine of the 
Compal. | 


XIV. A Ship ſet ſail from the Latitude of 50 deg. wpon the Fifth Runb, 


NEbyE; after that ſhe had made 36 Leagues of Way upon that Rumb, 
the Wind changing, ſhe was conſtrained to ſail 50 Leagues upon the 
Seventh Rumb E by N; I would know in what Longitude and Lti- 
tude the Ship is. 
Upon the Chart. 


He Rumb-line A P being drawn, ſet off thereu 6-Leagues, (which was the 
T Way that the Ship made upon the fifth Rumb before the Wind | hy from 
A to T, (which Diſtance muſt be taken out of the Meridian-line by opening the 
— Compaſſes from 50 deg. to 51.48, or better, toas much below 50 deg. as above 

51 deg.) fo ſhall the Point T be the Place that the Ship was in # ph the Wind al- 
tered : So a Parallel drawn through T upon the Chart, will cut the Meridian at V 
In 51 deg. andin that Latitude the Ship was. Now to find in what Longitude ſhe 
was, take in your Compaſlles the Line T V, and meaſure it at the bottom of the 
Chart, you ſhall find it will reach from E to 2 deg. 21 min. and in that Longitude 
the Ship then was, 

This done, upon the Point 'T (where the Wind changed, and drove the Ship two 
Points more Ealtwardly, namely, upon the E by N Point) protrat an Angle of 


22 dey. 30 min. namely, the Angle P T X, which is the Rumb upon which che 


Ship failed 50 Leagues after the Wind changed : Therefore take 50 Lea t of 
the Meridian-line, and ſee them from T to X ; ſo ſhall X be the Place ine the Ship 
was in after ſhe had failed 50 Leagues upon the E by N Point ; which, by drawing 4 
Parallel through K, will be found in the Latitude of 51 deg. 3o min. and by draw- 


ing of a Meridian through K. alſo, it will be found to be in the Longicude of 6 deg. | 


16 min. 

But if theſe Courſes had been protracted according to the Plain Sea-Chart, the 
Pointe 'T would fall in the Latitude. of 5 « deg. and the Point X in the Latitude of 
51 deg. 30 min. But the Longitude of T would be only 1 deg. 30 min. and the Lon- 
gicude of X is 3 deg. 37 min. Both theſe Longitudes being added, make but 5 deg. 

27 min, 
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257 min. for the Difterence of Longitude between X and che-firſt Meridian ; whereas 
by the other Chart it is 6 deg. 16 min. So that the Ship at X is 33 min. Weſtward 
of the Place to which ſhe was bound. BE 25 | 

Theſe Differences, which I have obſerved ta be between the Plain and Merc ntor's 
Chart, may be ſeen by comparing the Scheme of the ewo Charts cogether. | 


Concerning a Sea-Voyage, and how to keep a Journal for that purpoſe. | 


7 I the Book in which you keep your Account be in Folio, every Right-hand 
Page being ruled and divided as is done in the Journal following ; and let the 
Left-hand Page againſt the ſame. be blank, .to inſert therein . the Otcurrences 
which you meet with every day, or at any time, as Occation offers; as! of Winds, 
Currents, Variation of the Compaſs, Storms, and the Death of any Perſon, Ce. | 

Then write the Title of your Fournal, as from whence you cane, in what Latitade, 
ma bound, and in what Latitude, &c. as you fee in the Title of the Fournal 
ollowing. 

rn. the Feurnal following there are Eleven Columns, which contain as follow- 
tn, VIS. 

The Firſt contains the Days of the Month. 

The Second, the Month's Name, and the Latitude that Day, as it was found by 


Obſervation. = 

The Third, the Courſe, as it is correted by Allowance for Lee way, or Variation 
of the Compaſs, if there be any. 

The Fourth, the D:ſtance failed. 

The Fifth, Sixth, Seventh, and Eighth, the Eating, Weſting, Northing, and South- 
ing , which are the Differences of Latitude and Departure upon the ſeveral Courſes and 
Diſtances. 

' The Ninth is the Latitude found by the Dead Reckoning. 


The Tenth and Eleventh, the Eaſt or Wei? Longitude. 
one that intends to keeps a true and juſt Account of the Ship's Way, when- 


Ever 

ſoever / Second wt ought (in a Private Book) to take off from the Log-board, every 
day at Noon, (1.) The Time. (2.) The Courſe the Ship made her Way npon. 
(3.) The Way the Ship hath made in that time in Knots and parts of a Knot of the 
Lo (4-) The Depths and Soundings. (5.) The Hind. And when COS 
will permit, make Obſervation of your Latitude, and compare the Obſerved Latitude 
by your Dead Latitude, and reconcile them, and then accordingly make your Entry 
in your' Foarnal : And the Manner of procecding in the keepiug of this Fournal, may 
be as followeth. | 


- 


THE 


Form of the Journal. 


-.: < 


Mmmm | A 


Curxsus MATHEMATICUS. : Book VI}. 


es, 


A Journal of our Voyage intended, by God's Aſſiſtance, from the Lizatd, in 
50 deg. of North Latitude, to the Iſland of Barbadoes, in North Latitude 
13 deg. 12 min. The Difference of Longitude between the Lizard and Bar- 
badoes is 52 deg. 58 min. the Courſe SW © W, March 20. 1684. 
Month: s 
| a {North- | South- | Eaſt- - | Lati- 

fond ra The CourſeDiſt ing. | ing. | ing. = : Germs Longitude. 

. LE OCET Corrected. | Ii! - wad 
Ajby Ob * [mites] ax; : Recko- | Eaſt, | Weſt. 
Cs: iles. | Miles. | Miles. | Miles. | ning. Mite | Mi 

| = Þ Wb EEE 4 | iles. { Miles. 
D. Ad4 - | 8s D "M 7 | 
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24147 oo|SWbyS  W| 72 0 ID] - * 45.7 47 15 "68x 
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ad WH s ef os 11.0147 00 | 16.0 

« SWhS | 29 ns 53-3145 4© 75-2 

27142 37; SW byS 138 7746 ——Iz a5 

28 SSW2 W| 120 119.7 | 767165 "39 RR 

29 | SSW 72 66. | te _ 

TZHS0M bog } 27-6139 41 36.4 
30[27 44 SSW<: W| 102 90.0 8 o 128 —_ yy 
rre& by Obſcrvation. wo: ob: 0 To 
11 April. \South Weſt | Sg 60.1 4 - I = = 
2 WSW 20 's F: nod not t 132 
: ShyW-:iW| 32 156 wy _ 3c 4 
34 10} SbyW | 120 117.7 | Eo -- Why 
rrect by Obſervation. | 3.00 2-20 2514 7 _ 

5 ShyW:W| 164] 156.9 6 oe. OP 
29 371 SSW_| 125 115.5 p44 9 + $67 
7 SWhsS | 110 91.4 | 28 Tj 
8 SWhysS ont 101.4 5656 w - on 
| 924 43 South Weſt] 116 $2.0 _ 2 + age 
| [Correct by Obſervation. © 20.0 —— 3 _ 

I South Weſt | 99 68.6 68.6 es — 

[11 South Weſt | 96 67.9 65.0 of #4 159 

12 South Weſt | 114 $0.6] IT = hs 

13 South Welt | 115 $2.5 "0 _— oy 

14 SW by W| 110 6 448 ho w_ 

i © £2 HEE $$. dd 91.4 |18 40 6.2 

5 W SW 9I 3 8 IG : 

WSW | 51 Py" __—#_ OY 544 

7] WSW | 8, ES $7 

L IO 200, 77:6 |16_38] | $20 

19 WS W 7H | 39.5 ad p44 

120/14 43 W SW *' 116 44-4 95-2119 37 44 
Correct by Obſervation. 10.0 72+ 33 = 

11 W hy $ 770 _ I5.9]1I14+ 43 16.0 

W GS wa: l 5 107.9 |14 21 114.1 

x, W by S | 106 IT $17:713.. 990 - CER 

x WhS | 100 nil 104.0/13 37 » 108.7 

25 j| W#$ Þ 220 > 96.1 113. 37 103.5 

2613 12] WhyN | 100] 19.50 oh = 9 En 

2 Weſt | 13d] © 98.1 [13 14 103.1 

2G) {| Welt 126 ,-- "wy 133-3 

[2913 12] Weſt "| 65 A _ + 2. SIR BE 1 
; | Lhe whole Ditterence of Longi L22214Þ..9 LOT 
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FA XMPFLE. 


On the 22d of March, at Noon, I find the Lizard to bear North, and to be diſtant 

o miles ; therefore I am to rhe Southward of &e Lizard 3o Miles, which I place in 

the South Column of my Fournal, and that makes my Latitude to be 49 deg. 3o min. 
which T place in the Ninth Qolumn of my Tournal. 

The 23d day the Courſe is South-Weſt, and Ht Dif ance failed 112 Miles : Having 

cheſ: two, you may by the Difference of Latizude and Departure, found by the Traverſe- 


* Table in Setliux I. betore-going, find the Difference of Latitude to be 79.2, and the 


Departure the ſame; and (becauſe the Courſe is South-Eaſterly) 1 place che Diffe- 
rence of Latitude 52.2 in the South Column, and the Departure 99.2 in the Weſt 
Column, which in Degrees is 1 deg. 19 min. which ſuberacted from 49 deg. 30 min. 
(the Latitude | was in the day before) there remains 48 deg. 11 min. for the Latitade 
] am nqw in, which enter in the Ninth Column of the Fournal. And now to find 
the Difference of Longitude, 

In'the preceding Column, the Ninth, you have both Latitudes, wiz. 49 deg. 3o m, 
for the 22d day, and 45 2 11 m-. for the 23d day, and the Courſe out Weſt, 
by which you may find the Difference of Lingitude, as hath been ſhewed befofe, by 
this Proportion. 

As the R adi, | 

To the Meridianal Difference of Latirade ; 

So is the Tangent 'of the Courle, 

"To the Diftzrence of Longitude. 


Which Difference of Longitude will be found to be 120 Miles, which muſt be pla- 
ced in the Column of Longitude, in the Weſt part thereof, becauſe the Courle is 
Weſterly. | | 

The 49" day is to be wrought after the ſame manner as the 23 day ; for Uo 
the Courſe and Diſtance given, you may find the Difference of Latitude, Departure, an 
Difference of Longitude, as in the day before ; which muſt be encred in your Fournal 
in their reſpective Columns. | 


How to corre your Dead Reckoning by Obſervation of the Latitude. 


On the 2.4th of arch by Obſervation I find the Latitude that T am in to be 47 d. 
whereas by my Dead Reckoning I ſhould be in Latitude 45 deg. 15 min. fo that the 
Difference is 15 min. Southerly : To corre& which, I fer 15 min. in the South Co- 
lumn, which ſubtracted from 47 deg. 15 min. makes my Latitude by Dead Reckoning 
to agree with the Ob/ervation. "To corre your Departure, you mult conſkler whe- 
ther the Faule may be imputed to your Courſe, or to your Diſtance. It your Comrſe 
be well ſteered, and you find no Current, nor any Variation of the Compaſs, then 
your Diſtance is faulty : But if you cannot truſt ro your Courle ſteered, then the 
beſt way is to corre&t your Latuude only, not medling with your Departure. If 
there be a Current, and you know which way the Current ſets, and how faſt, then 
fiad the Difference of Latitude, and Difference of the Current, and add or ſubtract 
that Latizude and Departure to or from the Ship's Difference of Latitude and Departure, 
according as the Current doth further or hinder the Ship in her Courſe, Bur if by 
ſome probable Reaton you only conjefture there is a Current, then give what Al- 
lowance you think meet in Difference of Latitude and Departure, and fee if that 
will reform your Reckoning in your Latitude ; which if it do, you have well guel- 


| Ted; butif ir will nor, it is co be ſuppoſed that you are miſtaken in your Conjecture, 
| Or that there is ſome other Cauſe of this Error in your Reckoning. 


It the Compaſs vary, (as it often doth) then finding what that Variation is, and 
which way, you muſt allow it in -the Ship's Courſe. Now if you cannot impure the 
Error to any of theſe, then the Diſtance is faulty ; and this is that which uſually makes 
the Difference between the Osſerved Latitude and the Latitude by Dead Reckoning. And 
I here take this to be the Caule of the Error this 24th of March, and generally in 
this whole Reckoning. - 

Now to correct your Departure and Difference of Latitude, you muſt add up your 
Eaſt, W:jt, North, and South Columns, from the day that you corre,. to the begin- 
ning of your Fournal Table, if it be the Firſt Correction you have made ; or from 


the day of Corre&tion to the laſt Correction, if it be the Second 3 and fo berween _ 


the Second and Third, the Third and Fourth, &*c. Then ſubtract the Summs of che 
Mmmuam 2- North 
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North and South Columns from each other ; and likewiſe the Eaft and Feſt Columns; 
And fay by Proportion ; | 7 
As the Difference of the North and South Columns, 
Is to the Differece of the Eaſt and Hef Columns, | 
So is the Difference berween the Latitude by Reckoning, and Latirude by Obſervation, 
To the Difference in the Differense. 


And for the Difference of Longitude; ſay, 
As the Difference berween che obſerved Latitnde, and that by reckoning, 
- to the Mcridianal Difference of thoſe two Laritudes ; 
So is the Difference in the Departwre, 
To the Difference in the Longitude. 


Example in this Fournal. 

This 2.4th. of March, you will find the Sumam of che North Column to be oo.o. . 

The Summ of the Sourh Column ( leaving out the 15 min.) to be 164.8; and there- 

fore, their Difference is the ſame 164.5.— The Summ of the Ezff Column is 00.9, 

The Summ of the Feft Colum is 124.9, and theretore the Difference is the ſame: 
And then the Operation by the Legarithms will be 


As the Difference of the North and Sourb Columns 164.8 Co. Ar. 7.78304 
To the Difference of the Eaſt and Weſt Columns, 124.9 2.09656 
So is the difference between the two Latitudes, 15 min. | 1.17609 
To the Difference in the Departare, 11 Miles. II.o5559 


Place this 11 Miles or Minutes in the ef? Column, becauſe the Summ of the 77:| 
Column exceeds that of che Eaſt Column. ' | 


The Tenths of the Departure are here neglected. 


The Operation for the Difference in Longitude. 
The two Latitudes are 47 deg. 15'min. and 457 deg. by which you will find in the 
Table of Meridional Parts, the Meridiongl Difference of Latitude to be 22 min, 
Therefore, 


As the Difference of the two Latitudes, 15 min. Co. Ar. 8.82391 
To the Meridional Difference of thoſe Latitudes, 22 | 1.34242 
So is the Difference in the Departure, 11 - , 1.04139 
To the Drfference in the Longitude, 16 | 11.20772 


This 416 min. is to be placed in the #e# Column, becauſe the Departure is We#t- 
ward, . | 
And after the ſame manner are the Correfions made in this Fournal on the 
zoth of March, the 4th the 9th and the 2oth of April ; the Errour being ſuppoſed 
to ariſe trom the computation of the Difance of the Ships Way. 

If your Ship ſhape ſeveral Courſes in 24 hours, you are co find your Difference of 
Latitude and Departure by working a Traverſe; as hath been taught before : And fo, 
your Difference of Latitude will give you the Latitude that your Ship is in. Then 
have you two Latitudes, namely, the Latitude the Ship was in the Day before at 
Noon, and the Latitude it is in at Noon this Day ; by which you may find the Me 
ridianal Difference of Latitude by the Table of Meridianal Parts, as before hath been 
taught. 

Then for the Difference of Longitude ; ſay, 

As the Difference of Latitude found by the Traverſe, 

Is ro the Difference of Latitude in Meridianal Parts ; 
SO 15 the Departure found by the Traverſe, | 
To the Difference of Longitude for that Traverſe. 


To find the whole Difference of Longitude of the two Places between which 
you, make your Voyage. 
Add up the Columns of Eaſt and Ieft Longitude, and ſubtraft the one from the 
other, the Remainder is the Difference of Longitude in Miles. 
In this Fournal, the Difference of the Eat and Weſt Columns of Longitude is 3177-6, 
or 2175 Miles : which reduced into Degrees and Minutes is 52 deg. 58 min. for ths 
Difference of Longitude berween the Lizard and the Barbadboes. 


The End of the Third Part. 
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PAR T IV. 


OF. 


 Circular-Sailing. . 


Divers PRos1 tis of Sarting by the Arch 
ofa GREAT CIRCLE are performed, by 
Spherical ProjeFion, and T rigonometrical Calculation, 


N the Two foregoing Ways of Saling, the one exceedeth the other : For, as 
Sailing by Mercator's Chart exteedeth that of the Plain Chart ; fo this,by the Arch 
of a Great Circle, exceedeth them both. For, fora{much as the Earth and Sea 
are a Spherical Body, therefore the moſt abſolute way of Sailing upon the Sea 

muſt needs be by the Arch of a Great Circle, drawn upon the Surface of the Sea, from 

Placeto Place. And here I ſhall ſhew, both by Spherical Projettion, and Trigonometri- 

cal Calewlation, how from any two Places, howloever ſituate upon the Terreſtrial Globe, 

to find, ; | 
I. Their Neareſt Diftance in the Arch of a Great Circle. 
H. The Angle of Poſition from one Place to the other. *y, | 
HI. By what Longitudes and Latizudes the Arch fo drawn doth paſs between the 


ewo Places. 


SECT. I. For the Neareſt Diſtance. 


Efore I come to ſhew how the Neare## Diſtance between two Places is to be found 
upon the Terreſtrial Globe, it will be neceſfary, firſt, to deſcribe unto you' the 
Manner how any two Places, whoſe Longitudes and Latitudes are given, may be laid 
down upon the Projefion. Wherefore in the Scheme, the outward Circle thereof, 
N &S -z, repreſents the Firſt or General Meridian : The Line X 2 is the Equinoctial, 
upon which che Longitude is counted from the firf# Meridian. - The Circles NE S, 
NRS,NCS, and N D'S, are Circles of Longitude, paffing over ſeveral Places. 
The leſſer Ci:cles C D F and L B M are Circles or Parallels of Latitude. The Points 
"> *> *, &c. are ſeveral Places whoſe Diſtance we are to find by the following Pro- 
poſitions. And the Points ©, ©, ©, &+c. are the Poles of the Arches of Great Circles, 
which paſs through the reſpe:tive Places whole Diſtance is to be found: 

And here note, That the Circles of Longitutle in this Proje&ion are the ſame as the 
AZimuth Circles in the former Mer:idional Prjettion ; and the Centres and Poles of them 
are found in the ſame manner. Likewiſe, the Parallels of Latitude in this Projection 
are the ſame with the Parallels or Circles of Altitude in the former Meridional Proje- 
-Hon, and their Centres are found inthe ſame manner as in the Deſcription of that 
Projettion preſcribed 3 and therefbre it ſhall here need no more Precepts for ies De- 
uncation, but we will procecd to the Propoſitions which ſhew how to find the Diſtance 


bf Places. 
Mmwmwm 3 PROP. I. 1ws 


Fig. X. 


| 
| 
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PROP. I. Two Places which differ only, in Latitude, to find their Diſtance. | 


N this Propoſition there are two Varieties. Beg WE 
I ag? both the Plates lie under one and the farhe Myridian,, ad on ohe and the - 
ſame ſide of the Equine#1al, eirher on the North of South ſide tNereof, then ſubtract 
the leſſer Latitude trom che greater, and the Difference converted into Miles, (by al- 
lowing 60 Mites to-one Degree) thall-gtve you the Diſtance. : 

Example. London and Ribadio _— er one idian, but they differ in Lat;- 
tude ;, for Londen hath 5 1 deg. 3o nin. and Ri#4di0 hath Latitude 43 deg. both North; 
the Difference of Latiuude is 8 deg.-30 min. which being turned into Miles, makes 
510 Miles. 
2. If the two Places lie under one and the ſame Meridian, but one on the North, 
and the other on the South-ſide of the Equwoctial, add both the Latitudes together, 
the Summ is the Diſtance, _ | 7 

Example. London and the Ifland Tri os Dacunhu be both under ofie Meridian ; but 
London hath 51 deg. 3o min. Nprth 'Z#tirade, and the iy a 4 deg. South Lati- 
rude 3 their Sum is BF-deg-3o min> which'converced-into - Gy dividing the 
Degrees by 60, and allowing for every Minute one Mile,) makes 5130 Miles: And 
ſuch is the Diſtanc of London andhg Ifland Triſtan Darunhbu. | h 


PROP. II. Two Places which differ, only in Longitude, to find their Diſtance. 


N this Propoſition there are two Varieties alſo. ,For, | 
1. The two Places may lie both under the Equino&ial, and have no Latitude : 
In this Caſe che Difference of their Longirudes (if it be lefs than 180 deg.):rednced 
into Miles, is their Diſtance ; but if their Difference excced-180 deg. take it our of 
3 _ deg. the remaining Degrees turned into Miles will be the Diſtance of the two 
Places: EE OY 77 þ EH 
Example. The Iſland Sumatra ard the Iſland of S. Thaws lie both under the Equi- 
»oftial, the Iſland of S. Thoma having 33 deg. 10 min. of Longizude, and the Iſland 
Sumatra 137 deg. 10 min. The leſſer Longitude taken from the greater, leaves 104 d. 
oO _ which converted into Miles, is 6240 ; and that is the Diſtance of the two 
Iſlands. So ; 

2. But if the ewo Places differ only in Longitude, and lie not under the EquinoJial 
but under ſome other intermediate Parallel of Latitude, between the Equinotial and 
one of the Poles; then, 

Let the two Places lic both in the Laritude of 50 deg. and let their Difference of 

| Longitude be 135 deg. | | 
I. By Preojedion. 


Having drawn the firſt Meridian Circle N A S &, and ſet the Common Latitmde upon 
it, 50 deg. from Xto C; and from to F, count 135 deg. upon the Equinotial 
from X to E, and draw the Meridian N E S, paſling through the other Place at D; 
in the ſame Parallel of Latitude, 50 dep. | 

Then through the Points Cand D deſcribe an Arch of a Great Circle C DG, 
pafling through the two Places C and D, the Pole of which Circle is at A. Now to 
find the Diſtance between C and D 'in the Arch of the Great Circle, lay a Ruler to 
A and D, it will cut the firſt Aeridian in @ ; fo the Diftance C a meafured upon the 
Scale of Chords, will be 952 deg. 52 min. which couverted into Mites, is 4372 Miles, 
for the Diſtance of the two Places. 


IL. By Trigonometry. 


By the Interſe&ion of the three Great Circles in the Projeion, you have conſticuted 
the Oblique-angled Spherical Triangle CN D, in which is given, 


(1.) The two Sides N C and N D, the Complements of the Commen Latitude, 40 d. 
(2 ) The Angle CN D, the Diference of Longitude, 135.dep. 


By which you may find the Side C D, 
By Caſe VL of Oblique-angled Spherical Triangles ; 
Or rather the Half of it, by che following A4na/vgy. 


As 


Pare IV9o0 Of CIRCULAR SAILING. © 


668 


As the Radiws, go deg. : 19. 
To the Co-ſjne of the CommonLatitude, C N or N D, 46 deg. 9.80806 
& is the Sine of Half the Difference of Longitude, 67 deg. 30 min. 9.96561 
To the Sine of Half the Diſtance, 36 deg. 26 min. x9.77367 
Which doubled is 72 deg. 52 min. and that multiplied by 6a, produceth 4372 Miles, 
8s before; and that divided by 3, gives 1457 Leagues and one Mile, for the Diſtance 
in the Arch of a Great Circle. 


PROP. III. Two Places differing both in Longizude and Latitude, to find 
| therr Diſtance. | Li 


Here are three Varieties contained in this Propoſition. For, iS 
7. One of the Places may lie under the Equino#ial, and have no Laticude; 
and' the other under ſome Parallel of Latitude, berween the Equiro#ia} and one 
of tlte Poles. 92 | TOP CERT ro FS I 
= I. By Projefion. TS Oe 
Thus, ſuppoſe the two Places to be, one at H, lying under the Equine&1al, and the 
ther at C, under the Parallel of 5o deg. and differing in Longicade r$8 deg. | 
Fhe two Places upon the Un mp are repreſented by C and H, che Point H Iy- 
ing under the Equino#ial, and the Point C under the Parallet of 30 deg. Notth, and 
differing in Longittde 158 deg. Through the ewo Places C and H (atcbtding to 
former Dire&ions) draw an Arch of a Great Circle, C H G, and find the Pole there- 
of, which will be at the Point A. Then, a Ruler laid to A, and the Point H, will 
at the firft Meridian in » ; the Diftance » C being meaſured upon the Lite of Chords, 
be fotind to contain 126 deg. 23 min. which in Miles is 7583, or in Leagues 
1527 and 2 Miles. ; 


_ II. By Trigonometry. a | 

By che Interſetion of the three Great Circles in the Projection, there is conſtituted, 
the antal Spherical _— CNH, or rather ics Oppotite HS G,. whoſe Side 
H S is a Quadrant, in which there is given, beſides the Quadrant's Side H S, 

(t.) The Angle HS G, 22 deg. the Complement of the Ditfterence of Longitude 

- to 180 deg. | 

(z.) The Side S G, equal to X C, the Latitude 50 deg. By which you may find 

By the XVI. Caſe of Right-angled Spherical Triangles. 


As the Radins, 9o deg. 1o. 
Is to the Co-ſme of H S G, 68 deg, the Difference of Longitude 9.96716 
So is the Sine of SG, the Ci-Latitude 40 dep. 9.80807 
To the Sine of $6 deg. 35 min. 9.77523 


Whoſe Complement 53 deg. 25 min. is the Side H G, and that ſithtracted from 
136 deg. leaves 126 deg. 23 min. for the Side C D H, which is the Diftance between 


the two Places, and will be found as before co be 7553 Miles. | 
2. If both the Places propoſed ſhall be without the Equino#ial, but on one Side 


thereof, either both cowards the North, or both towards the South. 

| So the two Places propounded lying both in North Latitude, one in 50 deg. and 
the other in 15 deg. and differing in Longitude 60 deg. you may find their Diſtance 
as followeth. 

Pl | I. By Projett:on. | 
The two Places in the Projection are repreſented by the Letters C and B, through 

which Points draw the Arch of a Great Circle CB G, and find its Po/e at K. Where- 
fore lay a Ruler from K to B, it will cut the firſt Meridien in g3 and the Diftance 
g C meaſured upon the Scale of Chords, will be found to contain 59 deg. 25 min. 
and that is their Diſtance, which in Miles is 3565. 


I1. By Trigonometry. 


By the Interfe&ion of the three Great Circles in the ProjeRion, there is conſtituted 
the Oblique Spherical Triangle N C B, in which is given, a wk 
1.) The 
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(1.) The Side C N (40 deg.) the Complement of the Latitude of the Place at C. 
(2.) The Side NB (75 deg.) che Complement of the Latitude of the Place ar'Þ, 
(3.) The Angle C NB (60 deg.) the Difference of Longitude between the two 


Places. 
By which may be found the third Side B C, 
By Caſe VI. of Oblique-angled Spherical Triangles, 


(1.) As the Radiw, 90 deg. ns, 10.150 
To the Co-/ime of C N B, 30 deg. the Difference of Longitude ”, 9:69895 

So is the Tangent of CN, 40 deg. z 9.92381 
To a fourth Tangent,-22 deg. 46 min. o'2 \ "19.61258, 


Subtract this fourth Tangent, 22 deg. 46 min. from the Side BN 75 deg. the Re- 
mainder will be 52 deg. 14 min. for the Segments of the Baſe (or Side), N Q 
and O B. Then tay, | | 


(2.3 As.the Co-ſive N Q, 22 deg. 46 min. _ - Co. Ar. 0.03523 
To the Co-/ime O B, 52 deg. 14 min. h 9.78707 
So is the Co-ſime N C, 4o deg. 9.88425 
To the Co-/me C B, 3o deg. 35 min. | = x'9.70655 


Whoſe Complement 59 deg. 25 min. is the Side C B; and that converted into Miles, 
makes 3565. for the Diſtance of the two Places in the Arch of a Great Circle, | 

- 3. The ewo Places may be fo ſituate, that one of. them may tis on the North, 
the other on the South-lide of the Equinef#ia/ : And to find their Diſtarice, . ;, 


| L By Proje&10n. | 
© The &yoPlaces in the ProjeRion are repreſented by the Letters I: and P, L beirg 
in 15 deg. of North Laticude, and Þ in 62 deg. 3o min. of South , Lacitude.. The 
Meridian paſſing through L is the Primitive Circle ; the Meridian paſſing through Þ is 
NBPS; andthe Grear Circle paſling through both the Places is LP; and the Pole 
thereof R. Now to find the Diſtance, lay a Ruler from R to P, it will cut the firſt 
Meridian in & ; the Diſtance between L and & meaſurcd upon the Scale of Chands, 
will be found to contain 89 deg. 3s min. for the Diſtance of the ewo Places L amil-P, 
which make in Miles 5 398. 


| II. By Trigonometry. 
In the Projeion, by the InterſeRions of the three Great Circles, is conſtituted the 
Oblique-angled Spherical Triangle LP S, in which is given, 
(1.) The SidePS, 27 deg. 3o min. (the Complement of the greater Latitude.) 
(2.) The Side LS, 105 deg. (the lefler Latitude) with go deg. 'added thereto. 
(3.) The Angle P SL, 60 deg. (the Difference of Longitude between the two 


Places. | 
By which you may find the Side L P the Diſtance. 
By Caſe VI. of Oblique-angled Spherical T riangles, 
(1-) As the Radius, 90 deg. | | IO. 
To the Co-ſine of Difference of Longitude, P S L . 9.69897 
So is the Co-tangent of the greater Latitude P'S, 27 deg. 30 min. 9.71647 
To the Tangent of 14 deg. 36 min. Xx'9-41544 
| deg. min. 
From the Side L $ lo5 00 
Subtra& the Fourth Arch 14 26 
The Remainder is 90 24. . 
Then ſay, ; 
(2.) As the Co-/ine of the Fourth Arch Co. Ar. 0.01425 
Is to the Co-/ine of the leſſer Latitude, 15 deg. | 9.94793 
. $015 the Co-ſine of the Arch remain. 9o deg. 24 min. 7.84092 
To the Co-ſine of the Diſtance, 89 deg. 3s min« - X 7-50319 


Which turned into Miles, is 5378, as before. 


Thelſe are all the Varieties of Poſitions of Places upon the Terreſtrial Globe : for no 
two Places (whoſe Diſtance can be required) but they muſt fall under one or tht 
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of the Varieties contained in ſome of theſe three Propoſitions. And note that this 
way of finding the D:/7ance of Places 1s the moſt abſolute and 'exat of any other. = 
And what is here ſaid concerning finding theſe D:fances I ſhall apply to Circular 
Sailipg, of all other ways che molt perfect. _ | 


SECT. Il. For the Angle of Dire Poſition from one- Place to 


an)ther. 


S the Diilance of Places were meaſured by the Sides, fo the Pofirems of Places 
A are meaſured by the Angles of Spherical Triangles: And in the refolving'of ſome 
Problems of this nature, I ſhall retain the ſame method as in finding of !Dyftances, 


4 


viz. Firſt by the Projetion, and then by Trigonometry. « 


PROB. I. Two Placer, one lying under the Equinoctnal, the other "5p wry Lai 
titude, and the Difference of Longitude between then: being given 
to find the dire Poſition of the Eſt Place from the' Second, and 
of the Second from the Firſt. | i 


I. By Proje&ion. 


Having drawn a Primitive Meridian, as the Circle ABQ GP, let oye Place be 
D, under the Equino&ial ; the other A, m 50 deg. of North Latitude : and let the 
Difference of Longitude between them be 51 Degrees, as B D. The Triangle thus pro- 
jected, the things required to be found are, (1.) The Angle BA D. And (2:) The 
Angle A DB. hl” > -4 

1. For the Angle B A D, a Ruler laid'from A to C will cut the Primitive, Circle 
in s, and the Diſtance a E, meaſured upon the Scale of Chirds, will be faynd to con 
_ 58 deg. 11 min. for the Angle of dire Poſition from the Place at A, to the 
Place at C. | | 

2. For the Angle ADB; a Ruler laid from A to C will cut the Meridjan in 4, 
(as before, ) and, a Ruler laid from H (the Pole of the Circle ACF) tos, will cut 
the Circle A CFinb: Then a Ruler laid from D to b, will cut the Merjdian inc : 
The Diſtance c G, meaſured, will be found to be 56 deg. 53 min. for the Angle 
G y . z to which A DB is equal, and is the Angle of dirett Poſition berwlin D 
all | 


* 


IL. By Trigonometry. r92 ; 


By the Interſe&ion of the Equine&ial, and the great Circle A. D F, with the Meri- 
dian, is conſtituted the Triangle A B D, Right-angled atB; in which is given, 


(1.) The ſide A B, the Latitude. 50 deg. ; | 
(2.) The fide B D 51 deg. the Difference of Longitude of the two Places ; by which 
you may find the Angle B A D. | 
By Caſe XV. of Right-angled Spherical Triangles. * | 
As the Radixs, 9o deg. | T0, 


Is to the Sime of A B 50 deg. 9.88435 
SO is the Co-Tangent of B D. 51 deg; - 9.90837 
To the Tangent of 30 deg, 49 min. ..- 9.79262 


Whoſe Complement 58 deg. 11 min. is the Angle B A D. 
| ' Then for the Angle A B D, by the VI Caſe. 


As the Radius, 90 dep. | 10, 
To the Co-Sine of A B, 50 deg. 9.80806 
So is the Sine of D AB, 58 deg. 11 min. 6.92928 


To the Sine of 33 deg. 7 min. | 9473734 
x a Complement 5s deg. 53 min. is the quantity of the Ang!: of Poſiwon 
B. | 


II; Two 
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II. Tio Places Differing in Latitude, and their Difference of Longitude be. 
ing given, to find the Angle of dire Poſition fro: the Firft to the Se- 
cond, and from the Second to the Firſt. | 


Let the two Places be the Lizard, lying in the Latitude of 5o deg. and the other 
the Summer Iſlands, lying in 32 deg. 25 min. of North Latitude, and their Differene 
of Longitude 70 deg. the ſeveral Poſitions of theſe Places one from the other 1s re- 


quired. a 
| IT. By Projeftion. 

Set the Latitude of the Lizard 50 deg. from G to L, ( Þ being the North Pole: ) 
alſo ſer the Difference of Longitude 70 deg. trom G to T, and draw the Meridian 
P TQ, and from T to S ſer the Latitude of the Summer Iſlands 32 deg. 25 min. then 
through L and S, draw the great Circle M S L, paſling chrough both Places, and 
by their Interſeions is, made the Oblique angled 7riang/e P $Þ; in which, 

PL is the Complement of the Letitude of the Lizard, 40 deg. 

P S the Complement of the Latitude of the Summer I//ands, 57 deg. 35 min. 

SL the neareſt Diſtance between the two Places in the Arch of a great Circk; 

which may be found by the directions of the laſt Se#:on to be 53 deg. 24 min. 

Now the things we are to ſeek are, (1.) The die# Poſition trom Summer Iſlands 
to the Lizerd, PSI. And (2.) The dire# Poſition from the Lizard to the Summer 


Iſlands, P L S. 

| 1. For the Angle P ST. 

A Ruler laid from N, the Pole of the Meridian P TQ, toS, will cut the Prizi- 
tive Circle in 4; and 9o deg. ſer upon the ſame Circle trom 4, will reach toc; a 
Ruler laid from N co c will cut the Meridian of the Summer Iſlands P T Q ine. 

Alſo, a Ruler laid from K (che Pole of the great Cade, which paſſerh through 
both the Places, ( viz. LSM) to S, will cut the Primrive Circle in f,, and go deg. 
ſet "28 f, will reachtog ; a Ruler laid from K to g will cut the great Circle MSL 
in 6, 

Laſtly, A Ruler Jaid fromS toe and &, will cut the Primitive Circle in & and 1: 
and the Diſtance & 1 meaſured upon the Scale of Chords, will be found to contain 
48 deg. 47 min. for the Angle MS Q, to which PSL is equal, and is the direc} Po- 
ſition from the Summer Tlands to the Lizard. | 
2. For the Angle P LS. 

A Ruler laid from L to o, will cut the Primitive Circle in q, the Diſtance from q 
to V, meaſured upon the Scale of Chords, will be found to be 81 deg. & min; which 
is the Angle of the dire Poſition from the Lizard toward the Summer [land.. 


| II. By Trigonometry. 

By the Interſe&ions of the two great Circles paſſing through both the Places, with 
the general Meridjan,there is conſticuted the Obligue- angled Spherical Triangle P SL; in 
which is given, | 
ml oy The ſidePS 57 deg. 35 min. the Complement of the Latitude of the Summer 

anass | 
* (2.) The fide PL 9o deg. the Difference of Longitude between the Places. 

(3-) The-ſide P L, 4o deg. the Complement ot the Latitude of the Lizard : where: 
by you may find the Angles at S and L. 


I For the Argle P'S L. 
By Caſe V. of Obligue-angled Sherical Triangles. 


(1.) As the Radizs, 90 deg. I 9. 
To the Co-ſine P, 50 deg. 5340 
S0 is Tangemt P L 40 deg. : $440 
Toa Fourth Tangent, viz. 16 deg. 1 min. | x 9.45786 
| deg. min. 
From PS - "NF - 
Subtract | 16 Ol 


There Remains 4l 34 
y (6) 4 
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(2.) As the Sine of 16 deg. 1 min. Co. Ar. 0.55966 
Is to the Sine of the Remainder 41 deg. 34 min. 9.82182 
So is the Co-Tangent Þ, 90 deg. \ 9.56106 


To the Tavgent of 41 deg. 13 min. |  x9.94255 
Whoſe Complement, 43 deg. 47 min. is the quantity of the Angle PSL, and is 
the Angle of dire Pofition from Summer Iſlands to the Lizard. 


IT. For the Angle Þ LS, having attained the Angle PS L, ſay, 
By Caſe I. of Oblique angled Spherical Triangles, 


As the Sine of Þ L, 40 deg. ; ' Co. Ar. 0.19293 
I to the Sine of PS L, 48 deg. 47 min. 9.87634 
So is the Sire of P'S, 57 deg. 35 min. 0.92643 
To the Simeof P LS 81 deg. 5 min. 79:99470 


Which is the Angle of dire? Pofition from the Lizard to the Summer Iſlands. 


SECT. Ill. Of finding by what Longitudes and Latitudes the 
Arch of any great Circle, ( drawn as before, ) ſhall paſs between any 
two Places. 


Aving in the two foregoing Se&4;ons ſhewed how to find the Diſtance of any two 
H Places, howſoever frtuace in the Arch of a great Circle; as alſo, to find the 
Angles of direct Poſition from one to the other : 'The work of this Third Se&#icn ſhall 
be co find by what Long: tudes and Latitudes the Arch of fuch a great Circle doth 

6; both by Projettion and Trigonometrical Calculation : And our firit Example ſhall be 
rar Sor 'the ſame two Places as were mentioned in the: Second Problem of the Se- 
cond Se&ion foregoing ; wiz. the Lizard and the Summer 1lands. 

For the performance of the Work of this Third Se&ion, ic will be neceſſary to have 
a perfe& Projeion of the whole Sphere or Globe, with all its Meridiens and Parallels; 
the Projetion whereof, (with ſome Uſes of the ſame) is taught where we treac 
of Spherical Projection, but for our preſent occaſion I have here again added ano- 


ther Scheme of the ſame Projefion ; referring the Reader for its Conſtruction to the. 


fore<cited Place ; and ſhall here immediately proceed to the Uſe of the ſame Pro- 
jetion in Nevig ation. 


PROB. I. The Latitudes of two Places, and their Difference of Longitude 
being given, to find by what Longitudes and Latitudes, the 
ereat Circle leading to thoſe Places doth paſs. 


L By Proje&ion. 

Let the two Places be the Summer 1ands, lying in the Latirude of 32 deg. 25 min. 
_ the Lizard, lying in the Latitude of 50 deg. both North, and differ in Longitude 
70 Ueg. 

1. Count upon your Projeion the Latiude of one of the Places, as Summer Iands, 
32 deg. 25 min. in the outermoſt Circle at S: | And herein regard muſt be to 
the Bearing of the two Places : For if the Second Place lie Weft from the Firſt, then 
ſet down the Firſt Place on the Ezft ( or right) ſide of the Proje&ion : But if the 
Second Place lie Eaſtward of the Firſt, ( as in this Example, ) then you muſt ſet down 
the Firſt Place on the Weſt ſide of the Projedtion, as it is here at S. : 


2. From the Point S, through the Centre E, draw the Diametre s EK, and croſs 


it at Right-Angles, with the Line M E N. 

3. The Difference of Longitude being 70 deg. count 70 deg- upon the Equine&ial, 
from C to 70, and upon that Meridien, count 50 deg. the Latitude of the Lizard, and 
there ſet L. And thus have you your two Places ſet down according to their true 
Latitudes and Difference of Longitude in the Projection. 

4- Through the ewo Places S and L, you muſt draw the Arch of the great Circle 
- _ as is taught in the 634, Geometrical Problem, and alfo in Spherical Projettion, 
evera] times. : 


5s. The 


— 


r—_— 
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5. The great Circle being drawn, you may find the Pele chercof at ©. The 
Projeion thus prepared, if you would know, | ” 
1. By what Longitudes and Latitndes the Arch of the 


ll. 
” 
« 
* 


oreat Circle paſſerh : This may be done by inſpection; At 4 &' MM. 
tor it you trace with your Eye, or with a. Needlc's | 99 5 32 8 25 
Point , you ſhall fee that the 10:5 Meridian from S, | 19 28 = $1 
croſieth the great Circle at 38 deg. 51 min. of 'Lazi- | 29 © 43 = 24 | 
tre, at 20 dep. D:fference of Longitude, it crofſeth the | 39 = [46 8. 354: 
o::ar Circle at 43 veg. 34 min. of Latitude; and fo of | 4© A 49; YN O4 
tae reſt, as in this 7 «ble. 84 po 8 [50 2 1p 
2. The Angle of Poſition from S to L. To find this, ' 60 wb FO £ 33 
take in your Crmpaſſes the Di/Fance from T, (the Point 1 7 AQ: 150 ; O9 


where the great Circle crofleth the Diametre thereof - 


MN ) to N, tha: Diffance meaſured upon the Equine#ial from ©, will reachto about 
49 deg. and rhat is the A»2le on Pefition North-eaſterh. | 


>. "The Diſtance between S and L. Lay a Ruler from ©, the Pole of the great 
Ciicle, ro S, and nute where it cuts the outermoſt Meridian, and from that Point 
take the D:/tazceto S; that Diffance meaſured upon the Primitive Meridian from C, 
ſhall give you tix Difance 53 deg. 24 min.-— And in this manner you may mea- 
{ure any Part of the Aich of the great Circle, as between every 10th or 51h Meri- 
dien, or Difference of Longitude. DX = 2 gh : 

And in this manner may any two Places, howſoever fitnate in reſpedt.of Longi- 
tude or Latitude, be ſet upon che Projection ; an Arch of a greac Circle paſſing 
through them be drawn : their Diffance meaſured : the' Angle of their Poſition tound: 
And by what Longitudes and Laritudes the'Arc!: of the great Circle pafleth. As by 
two or three Examples which follow will plainly appear. . 


IL. By Trigonomerry. 


For the better Illuſtration of the Trigonometrical Operations following I have here 
inſerted a particular Part of the former Sphere, it being an Oblique-angled Spherical 


laces, ( or every 10th of them. ) 
In which Triangle, 
P repreſents the Norrh-Pole. 
S Summer Iſlands. | 
L the Lizard. 


wo 


And in it there is given, %, 

SP, the Complement of the Latitude of Summer Iſlands, 57 deg. 35 min. 
P I the Complement of the Latitude of the Lizard, qo deg. oo min. 

S P1, the Difference of Longitude, 70 deg. oo min. 


Theſe tings known, it is required to find the Longitudes and Latitudes by which 
this Arc!: SL do' 1 pals. 

In :':is Caſe it will be requiſite to let fall a Perpendicular from the Pole Þ to the 
Arch oi the great Circle $ L ; which lec be P B. 

| JT: And then let it be required to find, 

(1.) The Perpendicular 'ir ſelf. 

(2.) Tie Parts of the Vertical Angle, wiz. the Angles S P B, and LP B. 

And theſe being known, all the =. ad will be Right-angled Triangles, and fo be rc- 
ſolved at One operation. 

I. For the Perpendicular ÞP B, 


There is given, (1.) The Hypotenuſe SP, the Complement of the Latitude of Sum- 
mer Jſlands, 57 deg. 35 min. (2.) The Angle of Poſition at S, (as before it was found 
to be ) 48 deg. 47 min. To find P B. 


| By the 1V. Caſe of Right-angled Spherical Triansles 
As the Radius, 90 —_ ----.--; . : ; - 10, 

To the Sine of P'S, 57 deg. 35 min. #2 | | 9.92643 
So is the Sme of the Angle P'S B, 48 deg. 47 min, 9.8763 


To the Sine of the Perpendicular P B, 39 deg. 25 min. x9.60275 


Whoſe Complement 50 deg. 35 min. is thc teſt Latitude ich the great 
Cirde S BL doth pa = | CEg. 35 1s the greateſt Latitude by which the g 


II. For 


T_— comprehending all ſuch Parts of the ſeveral Meridians, as lie between the 


* 


After Lage G7z, co fold ons. 


” —_ — — — 


I 
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II. For the Angles SP Band LP'B, 
By the IIL Caſe of Right-angled Spherital Triangles, 


As the Radius, 90 dep. : TY 
To the Co-ſme of PS, 32 Neg. 25 min. Jef 2 9.92922 
So is the Tangent of P SL, 4S deg. 47 min. 10.05752 
To the Tangent of SPB, 31 deg. 29 min. ap 


Whoſe Complement 58 deg. 31 min. is the Angle SP B. "EY 
And being the whole Angle SP L is 70 deg. 58 deg. 3t min. being taken there- 


from, there remains 11 deg. 29 min. for the Angle B P 
So that for the greateſt Latitude of this Great Circle, which is B, we have found 
the Difference of -Loygitude from L.croL PB, 11 deg. 29 min. and from the Angle 
SPB, 58 deg. 31 min. eg 
Now the Dsfference of Longitude from S to L being 50 deg. let it be required tofind 
by what Latitudes the Arch S L doth paſs, for every Tenth Degree of Difference of 


Longitude from S. 
Suppoſe the Point K to differ in Longitude from S 10 deg. and I would know the 


Latitude of the ſame Point K. | 

Seeing we have before found the AngleS Þ B to be 58 deg. 31 min. and the Angle 
SPK being (by Suppoſition) 10 deg. therefore the AngleK PB is 48 deg. 31 min. 
And the Perpendicular Þ B we found before to be 39 d. 26 min. by which may. be 
found the Complement of the Latirude PK, | 


By Caſe VII. of Right-angled Spherical Triangles, 


As the Radius, go dep. 10, 
Is to the Co-/ime of K P B, 48 deg. 31 min. | . 9.82112 
So is the Co-tangent of P B, 39 deg. 26 min. ©... 0.08492 
To the Tangent of 38 deg. 51 min; | x9.90604 


Whoſe Complement is 51 deg. 9 min. the Latitude at K. 
In like manner, ſuppoſing, 
a 


> : - 8. 
O 20 Jve ſhall find (2 7 44 
V Cto differ in Lox- J3o VFtobein the J46 54 


ThePoint M( gitude from S Y40 _— _— M( Latitude of Y49 04 
N Fo N 50 15 
And thus much for finding what Longitudes and Latitudes the Arch of a Great Circle 
between any two Places do paſs, by Tr:igonometrical Calculation. | 
But before I leave this Way of Great Circle Sailing, I will add two. Problems more, 
neceſſary therein, to be performed upon the Projeion ; and thole are, Firſt, To find 
the Diſtance, Angle of Poſition, and the Longitudes and Latitudes by ” which the Great 
Circle (hall paſs in ſeveral Poſitions, one Place being in the Equine#ial, and the other 
either in North or South Latitude : The other, one in North, and one in South 


Latitude. 


IN. Two Places, one lying under the EquinoGtial Circle, and the other in 
South Latitude, to find their Diſtance, their Angle of Poſition, and by 
what Longitudes and Latitudes the ſame Great Circle 2rnſt paſs. 


Let one Place be St. Themas Ifland, lying under the Equine#ial, and ſo hath no ' 


Latitude ; let the other be the Streights of Magelan, lying in 53 deg. of South Lar:- 
tude, and differing in Longitude from St. Thomas 9o deg. Weſtward. 


I. To place the ro Places upon the ProjeQion, and to deſcribe rhe Great Circle. 
Firſt, S2t down the Iſland of St. Thomas at one end of the Equino&ial at D; then 


accounting thereon go deg. of Longitude from D to E, there is the Meridian of the 


Streights of Magelan 3 whereupon you muſt mark out the Latitude thereof, which is 
53 deg. Southward, at the Point W : And thus have you three Points, D, W, and C, 
through which the Arch of the Great Circle muſt be deſcribed, as hath been taught 


before, Now this part of the Great Circle which lies between D and W, is the Arch 


ot the Great Circle ; by which may be found all the other things required : As, - 
\ Nnnan | IL. To 


Cuazus MatHemMaricus. Book VIL. 


—C@__W 


IL. To find the Longitudes and Laticudes by which this Great Circle paſcrb. 


This is done by carrying your Eye along, or tracing with a Needle's Point the 
Arch it ſelf, obſerving where F. crolieth the Meridians and Parallels of Latitude in the 


Projeffion, which you ſhall find for every Tenth Degree to be as 1s exhibited in this 
Ta | 


Deg. ing 
II. To find the Angle of Poſition between the 2 VE _ 
two P laces. L 10 12 6 58 
= 
This is ſhewed by the Arch D W crofling the Semi- Z 20 | 24 E 25 
diametre E B: So that if you take the Diſtance BW, | 5 30 1:35 & 34 
and meaſure it in the Equine#ial C D, it will reach gy $0100 oe 8 
from C to 37 deg. which is the Angle of Poſition re- © ; TT © 3 : | 
quired, and ſhews it to be South-welterly. H _ A L » 
IV. For the Diſtance «f the two Places. Ly 2 - i 4 3 5 


If you take the Diftance D W, and meaſure it upon 
. the 37 Meridian Circle, (which anſwers to the Angle of Poſition,) it will reach from A 
(the Pole) to C, in the Equinot#ial upon the 37th Meridian 3 which ſhews the Diſtance 
to be go deg. 


III. Twe Places, one lying on the North, the other on the South-ſide of the 
Equinoctial , to find their Diſtance, the Angle of Poſition, and the 
Longitudes ard Latitudes by which the Arch of the Great Circle 


paſſeth. 
Let the two Places be the Summer Jlends, in 32 deg. 25 min. of North Latitude ; 


and the other, the Cape of Good Hope, in 35 deg. Of South Latitude ; and their Diffe- 
rence in Longitude go deg. 


I. To place the two Places wpon the Projettion, and to draw the Great Circle. 


Count the Latitude of the firft Place, Summer 1/and:, 22 deg. 25 min. from C to S, 
upon the Primitive Circle, and draw the Diamerre SK, crofling ic at Right Angles | 
with another Diametre,N M; Then count the Difference of Longitude, 90 deg. upon 
the Equino#ial\ from C, and the Meridian of the Go of Good Hope will fall to be 
the Diametre A B, upon which from E you muſt count the Latitude of the Cape, 
35 deg. downwards towards B, at X ; and by the Points S, X, and K, deſcribe the 
Great Circle Arch S XN. K, as hath been often taught before. 


II. To find the Longitudes and Latitudes by which | Des. 

the Great Circle paſſerh. = gow pre 
Trace with a Needle (or- only caſt an Eye along | .&« *? ” LF 
the Great Circle Arch) obſerving where the Arch crol- F.. 94 #7 
ſeth the Meridians and Parallels of Latitude upon the wm IF ” 

Projettion, which for every Tenth Degree of Longicude | S 32 | 11 3 1! 
will be as in this Table. mw LL ih. 3 
v LES wp 
HI. To find the Angle of Poſition between the two S 19 7 
Places, _ Sw 70 | 23 by 45 
GE SYoſzo & F 
Obſerve where the Arch S X K doth croſs the Line | 90 | 35 00 


N M, which is at Z; then with your Compaſſes take IS 
the Diſtance Z M, and meafire it in the Equino#ial, and you ſhall find it to reach 
from C to about 60 deg. viz. to 59 deg. 25 min. South-Eaſterly , which is the 


Angle of Poſition. 
| IV. For the Diſtance of the two Places. 


If you take the Difance of the two Places in the 4rcb S X, and meaſure it in the 
Meridian of 60, (the Meaſure of the Angle Fa Poſition,) you ſhall find it to reach 
trom Ato Y, whichis 107 deg. 34 min. and that is the Diſtance of the two Placss. 


The End of the Fourth Part. 


Here followeth a Connex of ſuch TABLE S, and the Uſes of them, as are 
of continual Ofe in Navigation. 


_ _ 
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KALENDARIUM NAUTICUM: 
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DIARY 


OF THE 


® 
Sun, Moon, and FixtD STaxs, 


Fitted for the Daily Uſe of 


MARINERS. 


tl. 


4 TABLE of the Moveable Feaſts, from the Vear 1688, to the Jear 
| 1713. In the Julian and Gregorian Acconnts. 
| The Julian Account. | [ | Gregorian Account. . _ 
> .\& J ESSE 2, 2T 
by. 1 Bi [35 |Domin Shrove= | Eafter- | 
$=].E |S Letter. | Sunday. | Day. \ 
id Fe | 
1688 7 7A GlFebr. 264pil 15 
168g] 15 [18] F 10 Merch 31 
16go| 19 [29] E [March 2 April 20}, 
1691] 1.,jur;, D [Febr. 22] + 12 
1692] 2 j12C B o March 27| 
i693] 313] A | 7jdprid 17] 
1294 414 G 18 M, 
1695] 5 [25 F [March 3'March 24 
1696) 6] 6E DlFebr. 23/April 12: 
mr cc 4 
1698] 8 [28] B [March 6 April 2.4/Fune 
1699) 9 [| g| A [|Febr.. 19 9'M; 
1709] 10 40 G F 11\March 31] 
I701] 11 i E |March 2\April 20 
1702; 12 112] D Febr. 15 5 
13 23 C 7] March 28 
7904" 14 |.4/;B A 4 wap J Jun 
1705} I5.ha5] G 1  8'Myy 
I706] 16 j26] F "3!/March 24) 
1707] 17 |.o| E 23|April 13/7 
o8| 18 |18]D  C 15 41May 
i19 '29] B [March 6 2 4|Fune 
I | A |Febr. 19 9iMay 
2 [22 G I1 I 
"F&% » F 24) t 4| Fane 
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The SOLAR KALENDAR. 
JANUARY. 
rbe Sun's Declination, with their Differences, for the] [Tables of the Sun's 
Tables of Years of our Lord. | | Right Aſcenſion. 
| | D : |Leap-y. Sl. After. '- [. Afe.| {111 Afi! & - ED 
af Fixed | 1680 7 1681 | | 1682 | 1653 | |S The Sun's Right 
Bj Feaſts, | 1684 [2 1685 [21 | 1686 [5] 1687 [3] |5| Aſcenſon, 
SS, 20d | 1688 [a1 1689 || | 1690 |=] 1691 [Bl | 
& < | TheSun's| x 692 F H ''| 2694 [| 1695 |®] |=] Time. |Compl, 
GE 9 5 p 
” Place. | 1696 | jj; OL 
D. M. 1M. JH _MJH. M. 
. [21 Il 7 35] 4 25 
2I 2] 7 38] 4 21 
21 3] 7 43] 4 17 
21 4 7 47] 4 13 
2I Frs/ 33] 4 9 
20 _ 7 56 4 4; 
20 7 S O| 4 ©! 
20 $18 -5|3 56 
© 20 98 93 51 
I 20 1018 13] 3 47 
2 [9 1 $ 279] 3 4 
"IM | 12] 8 21]3 14 
Hilary 1318 25]3 3 
q-- 11445 39] 3 3 
6 15] 34] 3 2 
7 I C 35 s---S 
a 17] 8. 42] 23 1 
' 9. 18] 8 46, 3 1 
10 | 195 50. 3 1 
& SY - 20 $ 5 3 
Ldgne . 211 8 59] 3 2 
Vin 22] 9 3] 2 57 
I4 : 212 72 53 
IF * 24 9 10] 2 50 
(Conv. 251 9' 15]2 45 
7 26, 9 IN] 2 41 
27,9 2312 37 
g 19 28 9 27] 2 33 
29, 9 31] 2 2 
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c |a2 3Þ-9 38] 2 22 
Years Nw ME Q © C 9 © E [Q © C 
of New Moon. Firſt Quart. Full Moon. Laſt Quarter 
Chriſt. |D. H. M. D. H. M. |J|D. H. M. D. H. M 
-x688 | {22 10 12Nig. [29 x oAﬀr|7 ': i2Aft. ſis "4 5oAfmr. 
1689 | [1t 10. 10Mor.[18 $8 26Morz5 104 14Mor] 3 1 2 Aft. 
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1695 5 3 5 Mor.i2z 3 .oMor{2o 41 Mor 28 .1 23 Mor. 
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or I2 9 oNig.|t9 12 :10Nooſ2979 x1 53 Mor 5 10 28 Mor. 
169 2 5 4q8Mor,/9 9g 21Morji6 y +7 Mor.24 3 26 Mor: 
i699 | I2t 4 oMor.ſ2s 2 25 Aft. | S 7 oNig.|12 12 10 Nig. | 
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| The SOLAR KALENDAR. 
APRIL. 
Tables of the Sun's Declination, with their Differences, for the| |Tables of rhe Sun's 
Bo” Years of our Lord. | Right Aſcenſion. 
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£22 298 $3.18 47 9s 8 42/2; 8 37,1 | 5| =" 2210 3s 
f 23 2719 15]..19 4 9 422 s 59,,| | $5] 1 2610 34; 
g:24 27]9 371],,| 9 30 $4 9 27/22 hd... "| 1 20109 30 
a'25 27] 9 $9,219 $4.1 |9 49%21|? 432: 8] 1 3410 26, 
b 126 2710 211. 10 1911 0 16,10! got (17 3810 22) & 
279 270 43,0 37,5),110 321,110 2741] | 1 4ijl0 19 
28 27 4, hio 59] ;Sho 53,0 481 | ir 2 55,70 15 
29 . 27x 25], j11 20 7511 151,117 1821 [12] kT 49110 17 
o m 29J1 46] [12 NS LY zaſ, | [13]! $379 » 
I 2712 7,112 2Þ [jt 57,[17 $2123 1+ I 5710. 3 
2 2712 28Þ li12 23] [51:2 26. 112 T5}, [15] * 019 o© 
; 2712 48.1" 44], . 2112 39, [12 34, [15] 2 4 9 56 
4 273 9,13 - 4j,- S[12 $9,112 54), 17 2 9 52 
Luke Eva.i3 291,113 24 [5113 20,13 14, | [16] 2 12; 9 48 
6 27,13 #9120113 44 48 Q1t3 492i, g113 34, 129; 2 16 9 44 
7 2714 91,114 4 1113 $9 2013 542g] [22 249 40 
8 28/14. 25] 414 24] [S114 9 19114 14],0) [2812 2449 36 
y 28114 48 19/14 43 IP I4 38 15/24 34119 22] 2 20-97 33 
10 2515s 7 1915 2 = 14 S794 $319 23 2 32] 9 28 
I gj15 26 2115 21] 7 15 26] c|15 12 vol j24 2 36] 9 24 
|d Criſpine 15 44\ g'15 40 7 I5 351,815 318 [25 2 169 #1 
Se {13 2916 2 Qf15 SO|'g 15 $3,g'5 49},gl 26 2 43] 9 17 
af 14 20'16 20] {16 16] 16 11 16/16 Tigl [27 2 47]9 13 
; g Sim.& Fu.|16 36 1't6 33], g 16 29].% 16 25/17 238 2 $119 7 
9; a'16 31.16 55177116 51] 16 45117 is 32|g [29 2 559 F 
0 bi 3117 12] Tir | / 7 4117 . jJ30O 2 59] 9 1 
14] c '18 3217 291 7117 25 L 17 © 211-18 ”= Y LANE BY LS 
| The LUNAR KALENDAR. 
ars | | & © (« D © C # © C 0 ©' C 
* New .M Firſt Quart. | Full Moon. Laſt Quarter 
Chriſt] |D. H. M. iD. H M. iD. H. M. |D. H. M. 
2638 | [14 6 40 Mor. 22 5 oMor.28 $8 1a2Nig.| 6 4 56 Mor. : 
1659 3 6 45 Mor. 11 11 oNoo.i8 12 4oNoo.25 2 21 Mor. 
3690 | [22 x 10 Mor. 320 3 19Mor. 8 2 26 Mor. 1.4 IO 35 Nig. 
I691 | ix x 4Aﬀ.} 19 1 gAfﬀe. 26 12. 29Nig. 4 6 42Nig. 
I692 | [29 12 36 Noo.] 6 12 3oNig. 15 3 $2 Mor.22z 9g 32Nig. 
1693 | [19 4 17 Mor. 25 9 ioNig. 4 3 41 Mor.i2 57 25 Mor. 
2694 | |8 7 32Nig.j 15 10 48 Mor. 22 10 34Nig. 31 2 36 Mor. 
695 | j26 7 oNig.| 4 9 26Nig. 12 4 45Mor.19 12 oNig. 
56 | [15 12 oNig.| 23 12 52 Noo.39 4 3oMor. + 9g 23Nig- 
1697 5 1 + Mor.| 13 2 4o Mor. .i19 7 &4Nig. AT 0 28 Mor. 
1698 2; ' 7 24 Nig- bh F. 53.20 9. 2 Noo. 16 2 2} Mor. 
2699 | 112 10 41 Mor. 20 10 43 Nig.128 12 26 Noo. 5 9_47Nig.] 
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Tables of the Sun's Declination, with their Differcnces, fir the| [Tables of the "I 
Fans Years of our Lord. Right Alcentio 
| f Leap:y. I. After. Il. Afe.| TIL Aft. 5 Þ 
Z|<| Fixed | 1650 |S 1661 |]. | 1652 |&] 1653 [5] |E|The Suw's Re 
S|[8]' Feaſts 68 Ty g Th | = 1995 |= - & OUR 5 If 
- 5 bay or wes G bt. : —_— | 1667 [=| | Aſcenſion. 
. [21.1659 |Z2 i690 |=] I691 [Z2 
S\S + hg e $4 & 1693 8] | 1694 6 | 1695 & Ef Time. Comp 
G 1696 | | 1097 | | 1698 1699 | | |* | 
WEE [D. M]M.|D. MM JD. MMJD. MJM |_{H. MH. M 
11 f]a8 mw 58] 4 16] | 4 22 & = 1 17% yo 
21/8119 $0] 3 53]. 3 59218 4 4]. : fe 2/11 23, © 
774 my 553 3%z] 3 3523/5] 3 41]; 3 3 461-3] | 3'z1 2540 
+ 2T $385 7.15 | WE A 3 221-2 411 3o| © 
Schs 32J2 4342 4923] 3 54313 offi [Sur 3z|o 2 
6\ dj; -F 20123] > 26123]= 3 3 Sg 17 297- } 
o| eſz4 a9| 1 59123 %a 2315 : 3223 2 37 14 GIL 37] 9 2 
8 f [Mary Nar.| 1 33/24] 1 39G * ba 7 9 
gighs ans 13] x 16238 00 ET: 700 
1ojaſ27 46]o 467 o 24/6 « 5123 . "34 5 ah " . 
111bhÞ>8 afo 233] o 29535 24 N24 
12) c [29 42) © 2 241% O 3%, O 494 pare 551 © 
12]4] © = 43 0 #24123 0» $124 SO k oY 5 1211 59] 0 
14 £ Holy Croſs. 0 48.7 © af3l” (s) 36þ3 O R. 24 ior |: ah | 
I 2 2 2 - 
ola iy P9123 a 123 x 23].*| 1 IS), 16] © 13jI1 4 
"> 4 a 4 24 : 2418 I 47[:; i 41,7 17] © 17411 43 
| 4 2 $4.1 +- 3 19 o  24j11 3« 
201 d b 24 23]TS l22 24 - 5 | 
(21 e FOR as - 13123] 3 2416. : 4. 24 * Rs PF. nf: 16408. 
22|f| 9 24) 2 561-4 2315] 2 22 3Z 151221 2d © 3220 2 
leh 394 3994 P01; 7 Pad [illo 3s : 
241 a [11 33| 4 424] 7 2215 + zl 7 212; 231 © 3Sj11 
25|bj!2 325 63 Þ3|s| + 3%4] + hz P42 41 
26|c|1z 3 231 + 5924121 4 S421 + 4812] [25] o 45/0: 
3 Zi] 5 29 5 61% 148 12]. 26 5 
27] d|14 211 5 52173 23/% 24 Lal [21 9 49Þ2 2 
28|eli5 30l6 1 22 2 23/5 5 47,,,1 5 35123 27] o $311 
123 22/91 4,2] 5 5% 28] o $5711 
29] f |Mich. Arc 6 3833] 6 6 26/2] 6 2123 £ 
las 205 ms 55" |6 49936 44f3] þodl n 110 * 
| SA | | | = [9 44 ba I P* 
The LUNAR KALENDAR. 
Years* | & © C «HED | 
of | SW Moon. Firſt A Full Mot .. 
; a CIT Iuare, n. Laſt Quart 
Chriſt-| |D-  M [DH M [DH M. |Þ. 
1688 | [14 12 49 Noo.[22 Ait. | 29 11 oN 
= 3 13 '29 Aﬀe. [11 4 a = . a6 biker: iD p FR 
v5 fe 22 12 32 Noo.jzo 9 12Mor,, 8 1 42Aﬀe. lis -3 INV 
91 | {i2 1 '13Mor/iy 6 13Mor.| 29 9  8Morſ.5 11 oNa 
1692 5 o Nog 
3o 2 24Mor.| 7 10 4Mor,, 5 10 26Mor|ſ23 > M 
1693 | ji9 7 oNig.[25 1 16Afe. et 
G 8-13 I6 Aﬀ.'| 4 11 34Nooſi2 1 oAfﬀe: 
95 + 8 Ss 1ToMor.ji6 5 S8&Mor.|] 23 7 $Mor[| 1 12 55 Noc 
"6s | bs is o<4 Fo ON TP 
= Or.124 3 29 Mor. 9 21 Nt. g 
$30: 8 52AfS 5 17Mol 
ret | ©, S 15Mor.13 12. o Noo.' 20 10 10Morj27 2 6Mo 
16do 44 u. 64 wack 2 12 o6Noo. 10 1 3oMoriji6s 5 1Atr 
— 2 NLO [21 3 4 Mor.| 26 2 10 Mor. i 15 Aﬀ; 
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The SOLAR KALENDAR,; 
OCTOBER. 
RN oy inati th their Differences, for the] Tables of the Sun's 
Tables of oe 9m ie bf ghwigopir: 7 _ | _ Righr Aſcenſion.! 
bo Leap-y.| of. After] | |'l. Afe.| ILL Afe.f = Wh. of] 
Fixed | 1650 |= 1681 = | 2652 |=] 1653 |= Al aa, 
Feaſts, | 1684 |7 $+—. - —_ G wt q Bl 4/cenſion, 
and 1688 [|S] 1689 |S 1690 [7 - PTS. 
TheSun's| 1692 p 1693 6 1694 |: | 1695 4 = Time. a 
Place. | 1696 1697 1698 | f 1699 | | [|#| 
D. M.M|D. MM. [D. M.JM/D. M.M. H. MH. M.: 
16 > 25] 7 24,2] 7 1123 D - - 29 23 2] 1 120 48 
19 *N £ 491.3 ; TOlz\ | 7 23 y 9 3] £. 1510 45: 
 -- {231 | $ 3oÞ3 & > 5 23] 4 1 1910 41] 
21 28] 8 31,18 25 22 S 20Þ, g 15 22] x x 22110 3s 
e 22 28] 8 53 «4 8 47 = s 42], » : 37 22 2 :- 24 
qi? 217 hl? %s-|3 5 8 1 Ts 
g 24 27 4 37 22 I ZO 22 9 *1122 22 8 I 24110 26 
az 279 592219 54.2! |? Sai? S232 g| 1 38'10 22 Y 
gbps 270 31,10 1611 jo 122210 2222] lo x 41|10 19). 
10] c 27 27jPo 43,119 37 22 (0 3a 2/21 98 I $510 1G 
wn 254117 pa 5 %s 7 Yax 8:77] [rol r 49/1 Ir 
om 27|11 46]; ;[12 bh 3alts 2s 4 : 5710 L 
I $715: TA :*,,t8 21 23 I 
ETHER 
3 27,12 +4 Iz 44 2. 20 '20 h 
4 27113 gpl <1.of21"* 5921}'* 5445 1 5; 
| Luke Eva 13 29], 13 2.4 —”=—_ I113 20 2oj13 I 20 a p 16 9 4 
| 6 Wm 20], 44.ol8 [3 1029],5 - no 20 2 20 9 40 
J 2794 19+ 4ho=['3 $9293 29 21] 2 24 9 36 
lb qJugpn 1, 197 24120 22\2 28'9 234 
9 arg 48/9/14 43[r9l 2. ha 0 4119 23) 2" 36] 9: 28 
to. 2515 Tas 21.5 i9 19 - 5 <p 
61 "11'S 2s 24 2 36] 9 24 
24 C11 29115 26] olt5 21 #3; hs 19 . 
dope, os 4's 49 fs ans ane] bg 2 af 
26' ej13 . 291 2: gi15 % 16 18] 
2 e113 3016 201516 16). 16 I bbs 718 " q + 3 - 
2b g Sim Ju 16 38 i926 33], [16 29 1612 25\t5 TI 
als ps Mens Plow fs tos hl 2 2 502 3 
' b* 51:1 12] "(17 - c . ; 
Ile ig px 29] 7117 2511 117 21117 1917 31 3 318 < 
The LUNAR KALENDAR. 
F4 ao C 5 0 © QO © C 
"X | ew Mon. ett Quit. [Flt daun Laſt Quarter 
Chriſt. | |D. H. M. {|D. HM. D. H. M._ = H. Mn : 
| 1688 I4 6 40 Mor. 22 5 oMaor.28 8 2x hcl 4 56 _ 
1639 3 6 45 Mor. ;z1 1: oNoo.18 12 S534 $ N; 
i690 | [22 x 10 Mor. 39 3 19Mor. 8 2 26 OT. 1.4 £ 454 
I691 | It x, 4Afﬀ.| 19 1 9 Aﬀe. 26 12 _ 4 HS 
1692 | [29 12 36Noo.| 6 12 3oNig. 15 3 gopher: 52 9 3 Nig. 
1693 | [19 4 17Mor.| 25 9 ioNig. 4 3 41 or. 12 #7 « + wa 
1694 s 7. 32Nig.| x5 10 48 Mor. 22 10 34Nig. 31 2 3 _ 
1695 | [26 7 oNig.| 4 9 26Nig. 12 4 45 Mor.19 12 pen 
I696 i5 12 oNig.| 23 12 52 Noo.39 +4 30 Mor. 57 9 ” 49k 
1697 5 1. + Mor.] 13z 2 4o Mor..19 7T &4Nig. 27. 2 20 Mor. 
| . 2 3M. Y 4 Mor. 
1698 | [25 *- 24 Nig. I » 37 Ni 9 12 99 2 — 
16991 u2 10 41iMor. 20 10 43 Nig.128 12 26Noo. 5 9 47 Ng. 


"Oooo 


C 


uRsSUS 


MAaTHEMATICUS. 


Book VII. 


I 


— 6 ©. 


The SOLAR KALENDAR. 
NOVEMBER. 
3 Declination, with their Differences, fir th |7ables of the Sun's 
Table TT nid of aur Lord. 4 | Right Aſcention. 
| —_—XtmW | 
=|S=| Fixed id S 1681 S 1682 |= 1683 |= S\The Sun's Rigle 
S|8S| Feaſts, | x684 |$| 1685 |% 1686 |S] 1687 [5] | Aſcenſion. 
As and || 1688 |Z 1659 jo 1690 = 1691 © T Time | 
w/2 The Sun 1692 G 1693 C 1694 : 1695 : S| ine. ha 
£|®| Place. | 1696 _ | 1698 1699 #1] + SAMW 
"T1 D. M.| JD. M.|M.JD. M.JM. —E LH M. 
'd (All Samts.[1 [17 38], 117 32 [3 7 v.83 
ap [on m 20118 117 54-9117 5ol's 2 39.9 49 
3\f/21 34115 15 To] 115 o|'s 3.3 151.5 45 
4\g 123 35118 1S 26] 15 221.5 4 3 19] B 41 
a |\Powd. Tr. j18 118 41 5118 37:6 $7 I S395 
J 18 56211 | [613-2718 33 
6, b 24 36 9 5 15 6 3 15 | 
c 25 37119 I9 T1 I9 4 Tj 3 Zi] 8 29 
4 26 37119 I9 25 1919 22 14 of 3 36] 5 24 
9. C 27 38 19 I9 39], 19 36 14 9, 3 40 +3 29 
10, f |Martin. |19 [19 53],719 50,7 [10,3 45 8 1g 
x18 [29 40[20 S [20 6], 2129 3113 it, s 4% $ 12 
12jajo 7 40 ſo 19] 30 16,2) [12/3 $318 7 
O 20 31?Jo 2913! [13 GH 3 
131b| 1 4212 & 31. 92 [.S- 2 
14\c| 2 43120 gj20 431,129 4 | 1144 27 55 
r5s|d|3 43j21 510 $51,212 $3),2) (13.4 717 53 
16 e |Hugh 21 =[21 T1 $i} [19] 4 21] 7 49 
i7}fls 45/21 S [21 18} j21 16} | [17] 4 15] 7 45 
i8]g| 6 46[21 gjÞr 29] [1 26 Si 15] 4 19] 59 41 
19] a 7 47/21 eſt 39],|-" 38],o) 1191 4 23] 7 37 
20] b 48'21 [21 49] [21 46] | [29] 4 25] 7 31 
21]|c|9 4922 S|21 58] 22 56 21 4 32] 75 28 
22|\d [10 50/22 Baz 7 92 & 4 22] 4 36] 5 24 
THT 52122 22 10 £22 13] of [234 47 20 
24| f Katherine. |22 122 24] ,|22 22] g| 124] 4 45] 7 25 
25|1g|13 5422 22 31] {2 30 a [25/4 4917 uu 
26'a[14 5522 22 39] 2 37] | [29] 4 $37 7 
27\bjis $652 22 45} [22 44| 4 [27]4 $7]7 3 
28, C|16 $7].2 22 $2 [22 50| | j28]5 26 5s 
29d 17 58ſ23 22 $58| |22 56 & [29] sS ©|6 $4 
30|Þ ta: Ap. [23 23 3 N23 2 20] 5 11] 6 49 
The LUNAR KALENDAR. 
y & © » OB « [). Q-<«< g © 
a New Fn Firſt uart. | Laſt Quart. | Full 4 
Chriſt.] ]D. H. M. D. H. M D. H. M. D H. M. 
1688 | [12 12 52Nig.[2o 4 SAﬀe. 27 7 5Mor| 4 2 51Atr. 
1689 I 32 35 Nig. ſſo 3 35 Mor.j16 10 3oNig.| 23 5 22Afﬀc. 
i699 | Ro +47 34Nig.|[25 9 $51Nig|6 12 25 Noo| 13 4 $52 Mor. 
1691 9 12 15Nig.|17 9 44Nig. 25 2 3oAﬀe| 3 1» 42 Mor. 
1692 | [27 1s 4S$Nig.| 5 6 46Nig.'13 9g 46Nig.| 2: 6 43 Mor. 
1693 9] is 9 Aﬀt. 124 12 42 Noo. 2 9g i6Nig.| 10 10 2 Nig. 
1694 7 6 20Mor.\iz $8 46Nig. 231 4 42 Afﬀc. ; } ++ Ni 
1695 26 4 - Mor. 3 3 "6 Aﬀ. 10 7 oNig.| 15 10 37 Nig. 
1696 [4 $5 12Aﬀe. |r $5 16Nig. 28 $5 22 Afﬀt. 6 4 31Aftc. 
1697; |3 7 46Nig.\1« 3 13Aft. 18 5 51 Mor, 25 10 14 Mor. 
1698 | [12 2 10Aft. 10  3- t6AKR [9 0 oNWi 2g 2 Af. | 
1699 | jt1 2 43Afe. 19 6 37Nig. 26 12 3Nig.l 3 8 25Nig. 
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The SOLAR KALENDAR. 
DECEMBER. | 
brakes of the Sun's Declination, with their Differences, for the [Tables of the Sun's 
Years of our Lord. _ Right Aſcenhon.; | 
Leapy.|o|L Afcer| | LL. Afe. ULAR. | 
In Fixed 1650 = I681 Z 1652 |=] 1653 HE: S|The Sms Righs 
REEFS IF 0-Ros 
I i 1690 |2 1 |= 
DIE TheSun's| 1692 (f| 1693 (| | 1694 (®| 1695 15 | [©] Time. (Comyl, 
1 Place. 1696 |_| 1697 | |_| 1698 | | 1699 - | = 
» MJMJD. MJM.] |D. M.M|D. M.M. H. MJH. M.' 
20 23. 1 [#3 8 6 1H $I 44! 
one : = ap +4 2 HE123 I2 423 in | |; 5 211 6 - 
a (223 3123 18 EY 17 4123 16] 423 1 | + | 5 2516 35 
b [23 4123 21 13 20 1123 20 23 1s 7] 41.5 291% 3n 
C [24 6123 24 2123 23] <3 23 723 22] } 5|5 341% 26 
d INscholas. 23 or 2123 26 EIT 25 N23 25 . 6 F 3s - 22 
ef2s 8[23 28] 123 25] *jol: 23 27, \| 42] © 1% 
fs 3 fas 29 aps 204þ3 20 [75 998 ns 
g j3s T123 31] 123 39 [23 39 1123 = 199 a : 9 
Abſ 2 vo oh 3 99 oft oe Hg LES 3 
I2ICi] I 14123 3] 1123 31 g 23 31 1125 ZI I 12] 6 5 5 $5 
leſs” anhy. al hs 2 fe 9 hls 13.5 
rs|fl.4 823" 26] 2123 27] 2 |23 27 4123 27] 5-6 19 5 3s 
. 20j2 2 6 | 
wel 298: 2 of; Tn oC 
bl7 22123 16s Iz; 15| ?[ [23 19 3123 20! ?| [is] 6 39N 5 27 
e|\V 23/23 14 T3 15] + S122 16 Miz 16 4 19 6 37, s 23{ 
dis z25|23 9| 123 zo) 91212 2 r2| 423 12] 4 |2o} 6 41] 5 19] 
e S.7ho, Ap.23 F Hz; 6 2 23 7 122 8) # [i] 6 45] 5 15 
f [11 $7823 ----0 HE I 13-23 2, 123 3 ; 22] 6 45] 5 12 
Eſ 2 obs 29 alert $1 os A pas 345 6 
b [Cbrif. N. [22 4} gj22 43] 18 22 45| |22 46 | fas}7 34 57 
C |Þ. Stephen.|122 234! _i22 36 g( S122 3 7122 39 7 ;[26;'? © 4 $3 
dS. Fob. Ev.j22 27 aj22 26 gl [22 * 31 9122 32 7 27] 7 11] 4 49 
Cc Unnocents. [22 19 g.22 2 "l 22 23 122 25 g 28, 7 16 4 44 
f |18 36122. 118} ©23-. 32 22 216 MS 29. 7 20} 4 40 
ops _ -0000"-9 0/22 4 . 22 6 2122 817] 0-7 25] 4 35 
20) 2 12@ _3912e $39 22 55 21 $57] *131 59 9 zi 7 341 4 30 
The LUNAR KALENDAR. '| | 
Years | |& © < Y © C UE: © C 
Bc New Moon. Firſt Qua Quart. Full Moon. ge uarter 
riſt.| JD. H. M. D..H. M. |D. H.. M. DT 
1688 137. ny: aGo..; - 7 {00S | $78 15 Nig. 
I689 |, f T3, 9. 6 oNig.|116' 10 2 Mor.' 23' 10 42 Mor. 
1690 20 2 42 Aﬀ. j28 5 5Njg.| 6 1 12 Mor.' 12 4 25 Aﬀe. 
I691 9g 2 51 Afﬀe. * 6 33 Nig. 25 3 9 Mor. ſn - ar} 
1692 | | 29 x 35Afr.|5 2 goAfe. zz x1 goAft. [20 12 46 Noo 
| i. 16 11 17Nig. [24 $ 3 Mor. 3 5 16Afﬀe. | 10 10 28 Mor. 
_— 6 , 4 43Afr. 13 10 20 Mor. K: I2 $ Noo. 29 11 431 Noo. 
1s \ 25 - 6 12 Nig.} 3 1x5 12Nig.[10 12 © Noo. Is 4 25 Aﬀe. 
—_ I4 , 4 ap 3 49 AY s \ omg 6 - 42 Noo. 
1695 5 9 37 Mor.30 4 " Mad - 54 Mor. be F Fr Morl 
Ma, 115 51 Mor. 19 12 $56Noo.!26 11 oo Mor. 3 8 11 Mor. 
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Hours and Minutes after Noon, till Midnight. | 
EE Eat 314 | 5 6430 138 jg 160. 'Vidn, 
M. Sec, M. Sec-[M. Sec.}M. Sec.|M. Sec. M. *Sec.|M. Sec.'M. Sec.|M. Sec.|M. Sec. M. Sec. M. Sec. 
SY mm 5} © $1 0 10] © 12 © isjo 17JJo 2 0. 20, 0 25 © 271] © 30 
S 8 j| © s| 0 1 Þþ 15o 20 o 25 o 3o|o $510 49] ® 45] go. S- $9] 9 # 
= 3[ſo 72 150 220 300 37,0 452 521 © 7]: 151 22/1 30 
+ 4||> 20 240 300 goo $0 1 of 1 lofrs 2011.30 1 4o 1 $0! 2 o 
« $5 ||0 12| © 250 37]o got 21 1s|r 271 gol 1 $212 $s 2 17]2 5 
Ro— Ko i | —_— 
2 6[]o go goo 4s|s or is 1 3o[r 4s'2 of 2 152 30,2 45] 3 © 
E'71\lo we 380 52]1 ws 29,17 gs|2 22 20|2 372 5s 3 15] 3 pl 
= 8 o 20] 0 4o] © of 1 20} I 40, 2 o|2 20,2 4 3 of 3 29 3 49] 4 © 
TINT 100 712 9048 $212 $12; $713 a3 2373 499 4 ' 71 4- Þ 
= 1010 25| o© 5go| rt 165|n 4go[2 +5'2 3o|2 55'3 203 45j4 10 4 35] 5s' © 
* - — — 
8 ir jj © 27] © ——— 7 7,8 43 12, 3 49944 714 3s 5 2 $5 Þ 
=) 2 flo gon: & 1 3o[2 o©f 2 39| 3 o|3 394 '04 31s © $ 30] 6 o 
S 13 ſſo 327 8s] 372 1 2 423 153 47,4 204 $$ 25 5 $716 30 
DI 14 ſo 357 11 452 202 553 304 $14 "495 155 59,6 25|7 © 
% 15 || o* 37] = 15] 1 $2]2 3o[3 73 45|4 22s ofs 3716 1s's $2]7 53 
Vo — ; Ln aac 
w nf | oe '_ 20] 2 of 2 go] 3 20] 4 cf 4 49, 5s 206 6 40! 7 20] 8 o 
= 17 jjJo ga! 1 252 72 gol 3 32| 4 4 $71s 4016 287 $97 4719 50 
<= 18||o 451 302 153 © 3 454 34s 155 os 457 30.8 15|9 © 
> 1g j|o 4712 352 243 10] 3 $71.4 5s 32s 2o|7 7 $58 42}9 30 
= go [| $5o| 1 go} 2 30] 3 20] 4 Io| 5 s $0] 6 gol 7 3ol 8 20. 9 zojlo © 
Sx t, T1 | 
R, 21 || 0 62] 1 45] 2 37] 3. 30] 4 22] 5 6 717 o 9 58 45: 5 37910 $0 
Q 22:0 $551 gol 2 45] 3 4014 35| 5 6 a25| 74 20) 8 Ig] 9 1olo <F{it, © 
8 23.10 $71 $52 $213 59) 4 47] 5 6 42]7 498 379 3510 3211 
he Bd ELL 3 oz os: of S 7”. EO <0 lo oir -oll2 © 


4 TABLE whereby to appropriate the Tables of the Sun's Declination to any 
Hour of the Day , or to any other Meridian, either Eaſtward or Weſtward of 
London, for which they were Calculated. 
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1j|o 32]0 350 3710 490 420 45 0 470 golo 520 ggo 57 
$$ S315 5 T 2957 ag 8s 20 1. gg] 7 goes gg 3 gof 8 35 
= 3111, 37] 1 4510 26 {oo ol 2 7 6a 8% 8 9H 2 00 7 Þ 449 T $2 
a. CLIENT $07 442 $0 3 ©0:3. 10'S 75 30 3 4q 3 SO, 
TTL ITT F9 45 273 32 53 45 $ / 4 10 4 a 4 39] $ id 
el | 4 £595 £ Me | FEET EY 
8 $5||3 153 343 454 4 154 394 45s 5 15's 30s 45 
THI 9 4 224 494 97,5 195 355-906 7.6 25/6. 42 
S 8]]|4 204 4s © 5s 20/5 40 6 0.56 20/6 goo 0 7 20] 79 40 
E o9|[|4 52s 155 375 o6 2216 a4s'7 7] 6 30] 7 52/8 1518 37 
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The Uſe of the Table of Referring the Sun's Declination to ay Hour 
or Meridian. 


HE Tables of the Sun's Declination in the foregoing Kalendar, are calculated 
properly for che Sun's true Place at Noon in the Meridian of London; but may 
be referred to any other Merid:an, by help of this Table. 

Alſo take notice, That the Degrecs and Minutes of Declination found againſt every 
Day of the Year, are the Degrees and Minutes which the Su» hath every Day at 
Noon, for the Aſffrmomical Account of Days is trom Noon to Noon; ſo that One in 
the Afternoon is called the Firſt Hour atter Noon, Two the Second, Three the 
Third, &#c. till Twelve at Nighe, or Midnight. Then One in the Morning is cal- 
led the Thirteenth Hour, or the Firſt Hour from midnight 3 Two in the Morning 
the Fourteenth Hour, or the Second Hour from Midnight, &c. So that Eleven the 


next Forenoon is called the Twenty third Hour, or the Eleventh Hour from Mid- 


nighe ; and then at Twelve begins the next Day. 
Alſo obſerve, That when you make uſe of the Table of Declination, you make uſe 


of the Degrees and Minutes found againſt che Tenth day, cill che Eleventh day at 
Noon ; and of thoſe againſt the Eleventh Gays till che Twelfth day at Noon, &<c. 
Theſe things being premiſed, the Uſe of the Table follows. 2s 


How to Appropriate the Sun's Declination to any Hour after Noon. 


You muſt firſt find the Sun's Declination for the Day propoſed, (gn its proper Year,) 
in the Table, and note it down, with the Difference between t and the nexc 
day; then knowing at what Hour after Noon you would make uſe of the Declma- 
tion, find that Hour in the Head of this Table, and the Minutes of the Difference of 
the Sun's Declination in the Firſt Column towards the Lefe-hand, and in the common 
Angle or Meeting of thoſe ewo, you ſhall find the Number of Minutes and Seconds 
wnich are to be added to, or ſubtracted from the Degrees and Minutes found in the 
Table : To be added, if the Declination increaſe ; but to be ſubtracted, if the Decl;» 


nation do decreaſe. 
Example. What Declination ſhall the Sun have upon the Fifth of April, at Seven Hours 
after Noon, in the Leap-year ? 


| Look in the Table for the Fifth of April, and againſt it, in the Column (Leap-year) 
you ſhall find io deg. 6 min for che Declinarion, and 21 min. for the Dsfference: Now 


the Declination found, 10 deg. 6 min. is the Declination at Twelve at Noon ; but to 


find it at Seven after Noon, go to this Table, and find 75 Hours at the Head thereof, 
and 21 (the Difference) in the firſt Column towards the Right-hand, and againft 2 1, 
and under 5 Hours, you ſhall find 6 Mimates 7 Seconds ;, the Seconds, being under 30, 
may be omitted ; but the 6 Minutes muſt be added (becauſe the' Declination increal- 
eth) to the Declimation at Noon, 10 deg. 6 min. making it 10 deg. 12 min. and ſuch 


| Declination ſhall the Sun have on the Fitch of April at Seven in the Afternoon, in the 


Leap-year. | | | 
In like manner, if it were required to find what Declination the Swn ſhould have 


the ſame day at 19 Hours after Noon, that is, the Seventh Hour afrer Midnight, or 
Seven the next Morning: The Hour 5 being found in the Head of the Table, and 
21 min. (the D:ference of Declination) in the firſt Column, againſt 21, and under 


7 Hours, you ſhall find 16 min. 37 ſec. which Seconds being above 3o, add 1 min. 


to 16, making it 17 min. which added to 10 deg. 6 min. the Declimar:on found inthe 
"Table, maketh 10 deg. 23 min. for the Dec/ination at 7 the next Morning. 
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Aſtral Kalendar. 


1, Containing all the Z 
FIXED STARS 
' FirxsT, SEconD, and Trikop, 


MAGNITUDES. 


Longitudes corre&ted, and reduced from the Pole of the Ecliptick 
co the Pole of the World ; That is to lay, Brought into Right 


Aſcenſions and Declinarions. 


To which are added, 


Their Right Aſcenſions in Time, and Semidiurnal Arks; whereby 
their Riſing, Southing, and Setting may ( art at time) be ea- 
ily obtained : Alſo upon what Day of the Year eachof them 
will be upon the Meridian at Midnight, and conſequentdy the 


Stars known one from another. 


Curxsus MATHEMATICUS. 


Book Vi. 


The Northern 


Upon the 
Meridi 
STARS NAMES. = 
[ | j E I g 5 | Midnight. 
| Urſa Minor:  Cynoſura, | 
In the Extremity of te Tail, or Pdþ-Srar i *' ,, © | Decemb. 
The Upper of he Two precet nithe Square 7 * | Fanuar.17 
The Lower ff the fartje” > oe Ee += Www 24 
Orſa Myjor. , Helice., = 
In the former = m_ TR ; Fanuar. 11 
TheMNortherly-ot t two in-the-R Right, Foot wr op —x7 - 
TheSouthedly # 8 | Ce ; | A \ L 7 ; 
The Upper of the regoing in the greater Square 2. 19 
The Lower of the Tame Square | | 23 
The Upper of the following in the Square February '4 
The Lower of the ſame , : 4 
The laſt ſave Two of the Tail | 12 
The laſt ſave one .; . 18 
The laſt of the Tail March 2 
That between this Bear's Tail and the Ziv Februar.26 
That between the Faxe-foot of the Bear and the Firſt of the Liow's Head | Fanuar.16 
The following Southern 30 
The foregoing of the Twoin the Baſe of the Oxigen February 2 
The following one 
43 53 8 Draco. LN 
The foregoirig of the Two Bright ones in the Head May 18 
The Bright one in the Head Fane 4 
The Northern of the Square in the ſecond Bending Septem. 26 
The Southern of the ſame Side Offober 11 
That in the Flexure (or Bending) of the third Joint February 
The meanly Bright one near the Pole March 8 
The laſt but Two'foregoing the Flexure 
The laſt Þut one to the Flexure 
That which next follows the Flexure Fubruar.11 
The laſt but one of the Tail Fanuar,zo 
The laſt of the Tail 15 
Cephens. Fs 
In the Girdle Ofober 14 
_ The Bright one in the Right Shoulder Septems. 21 
In the Lett Foot Newemb. 7 
Bootes. Artophylax. os 
In the Left Shoulder 
In the Head we : 
In the Right Shoulder, above the Crown | April 5 
In the Hip, below the Right Arm g- 
L Lk the Right Leg . 
1e Upper one of the Le 

In the Skirt. Ar&arus G i > 


Corona 


IO. 


The ASTRAL KALENDAR ih 


Conſtellations. 


Right Right | Semidiur- 


$ Longitade. Latitude. Aſcenſion. | Declination. PINES in | nal Ark. 
ime. | 

J Sin. Deg. Min.| Deg. Min. | Deg. Min. | Deg. Min. | Ho. Min. | Ho. M. 
- The Leſſer Bear. 

3} x 24 66 2 7M 87 33 o 31 | Setsnot. 

2 | K  S:36 72 _ $I | 42 46 75 36 2 F1 |Sets not. 

$7 & 19-07 © 73. 53 Sr 14 | 76.09 3 25 |Sets not. 


The Greater Bear. 


;$| A 1 32 | 34 34 | 135 56 | 3 18 9 3 |Setsnort. 
3 | % 26 56 29 " 1397 . 20 49 20 s 29 | Sets nor. 
2 | © 28 10 bo 3 128 34 48 21 8 34 | Sets not. 
2 | A 10 34 49 40 160 48 63 32 10 43 | Sets not. 
2 | A 14 43 45 3 160 18 58 8 10 41 f Sets nor. 
+ |. & :26 "f St 37 179 48 58 51 17 59 | Sets nor. 
2 | A 25 af 47 &6 I73 59 55 33 tx $56 |} Setsnot. 
2 | 2? 4 10 | 54 18 9 53 7 47 | © 39 | Sets nor. 
2 | M 10 56 56 22 217 237 | 56 41 x 30 [|Setsnot. 
3 | 2 22 mn 54 25 23 37 5I oo 1 34 |Sets not» 
2 | Me 15 43 40 6G 9 4 49 34 o 36 |Sets nor. 
3.41 0 7-7 17 55S 135 15 35 45 9 I 10 16 
z| A 20 57 24 50 $43» 237 49.1 10 19 IT 16 
i 1 260 21 28 t55s 6 33 30 IO 20 9 46 
z|1 A 27 9 | 20 44 | 157 36 |'3r: 48 | 16 30 | 9 30 
| The Dragon. : 
TS. "5 21 8 46 52 34 5 23 | Sets not. 
1-4... .23-d _— 4 . 8p w$-. | W-6 |. 5 49 | Sersnot 
$5 Y 80 a8 82 49 |. 108 14 69:4 7 13 | Sets not. 
11 Y 25a T9 25 117 27 69 30 '7 49 | Setsnor. 
3:1 M i: 44 81. 4 167' 22 69 24 |. 4 29 [Sets not. 
3 | Me 37 ot 84 46 256 59 66 Y 5 7 | Sets not 
3] = 13 28 | 74 ,11 | 239' 4 | $3 $6 3 56 | Sets not 
33 & "0 » i 8 | 229 27 60 23 3 15 | Sets not. 
#1, 3 66 36 209 40 65 56 1 59 | Sets not. 
3| A 11 26 61 33 184 13 71 34 o 17 | Sets not 
$7 A T9 S7 7 167 15 71 F It 9 |Setsnot 
Cepheus 
3 | & 228 71 "1 Iu 2 69 9 9 2.4 | Sets not. 
31 Y #20 68 54 317 35 61 10 9 1o |Sers not: 
WAL... 64 28 351 59 75 41 11 27 | Sets not. 
The Bear-keeper, or Bear-ward, 
= 14 5 | 49 33 215 : 29 39- 24 2 2k | Sets not. 
” 19 43 54 15 222 32 41 44 2 $50 | Sets not 
= 20 0 | 49 1 225 34 34 34 3. 1 8 I 
=. 234 39 49 409 217 40 28 29 2 31 8 53 
a 25 26 j 27 57 | 216 26 © un 2 26 7 19 
= 24 28 9g 204 45 20 ; i 39 7 4s 
| "29. as W--4 210 13 | 20 jj © E757 18 
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The Lower _ Follower in the Righe Shoulder 


. Upon the 
Meridi 

STARS NAMES. pberec 

Midnight. 

| =. Corona Borea. ne 

The Bright one of the Crown . | 4pril *17 
«| : Ezigonaſs Hercules. ; - 
In the Head May 2? 
In the Right Shouſder 7 
The laſt fave one of che Right Arm 5 
In the Left Shoulder 21 
That in the Left Hi 8 
The more Eaſterly t than this in the Left Thigh IS 
In the Left Knee Tune 4 
That in the Left Leg Calf, nigh the Dragon's Head May 27 
In the Upper Right Thigh 5 
{i Rm Lyra, Viltur cadens. 4 

The Bright one of the Har June 27 
The Northern of the two. -- GR in the Neck 26 
The Northern of the ewo following in the Neck 29 
H i 7 Olor. Cygnus. i ; 

In the Bill h July 9 
In the Breaſt Auguſt 2 
In the Tail Novemb. ; 
The Firſt and Brighteſt in the Pinnion of the Upper Wing Faly 25 
That in the Pinnion of the Lower Wing Auguſt & 
The uttermoſt of the Lower Wing oF 
iy do the Wing, towards Pega/zs Foot 18 
4 Cope to. 
In the Breaſt. Scbedir Ofober 16 
- « Flexure (or — at the m_ 22 
n the 26 
At the Knee | Newenhb. 2 
The 9 Prighe me of the « Chair Offober 13 
" 72 72 i RAN Perſeus, i > 
Tn the Right Shoulder | Novemtb. 7 
The very Bright one in the Right Side 9 
That art the Flexure of the ſame Side 2 
The Head of Meduſa. Algel 7 3 
That in the Lefe Knee 13 
The tollowing one of the Left Foot 10 
— " Aurige, Heniochas, Erithonins. = NS 
T he Bright: one in the Left Shoulder. Capella | Novem. 23 
The _— ane in the fir Shoulder Decemb. 7 
; Is 6 os Serpentarine. GE es £5 

In the Head - | 

In the Right Shoulder 1 Tune z 


mw The ASTRAL KALENDAR. 682 


_ Right Right | Simidiur- 
8D Longitude. Latitude, | Aſcenſion. Declination.| Aſcenſion in | nal Ark. 
a | Time. 
V 
& 


Sin. Deg. Min. | Deg. Min. | Deg. Mn. | Deg. Min. | Ho. Min. | Ho. M. 


No: "The Northern Crown. 
$4 m,n | 44 23 | 239 12 | 27 gi | 3 21x Sets not. 


ar Engonaſe Hercules. 


g | 2 8 F-27 y | 254 13 I4+ $0 + 57 a-F: 28 
3| nm 26 27 42 4 245 12 2% - 26 4+ 21-8 -' 4 
z| m 24 36 49 $5 24T $2 19 $9 SI 4 47 
3 | £ 10 10 47 47 255 24 25 16 BS... 26 
; | m 27 2 53 10 247 19 32 14 Ss 29 s 4 
> 1 #.. 1.08 53 21 251 58 31 28 4 47 | 10 56 
3| 23 56 60 47 266 17 37 21 5 4x |Sets not. 
| 2 0 66 22 262 34 46 14 5 30 |Setsnot. 
2 mas | 60 22 247 56 39 35 4 31 
be The Harp : Or, Falling Vultur. oo 
i | w 10 43 61 47 276 27 38 30 6 26 | Sets not. 
; | w 14 16 | 56 F "= 27 | 33 2 6 39 9 39 
;| w 17 1 55 6 251 -32 32 16 6 46 9 31 
DP The Swan, 
Ba 26 44 49 2 | 289 23 27 15 7 i8 | 8 43 
2 | £3 20 25 57. 9 302 39 39 13 10 * | Sets not. 
2 | m 20 53 | 59 56 | 397 32 | 44 $ 8 30 |Sets not. 
3 2 $3 | 64 25 393 44 44 22 7 35 ]Setsnor. 
j| = 23 9 | 49 26 | 3ob. 14 | 32 45 33} 9 36 
Eo. 1-44" 44.1 34 5 Ln s $9-j. 8 57 
3 X eu 338 39 | 322 20 26 20 9 29 8 35 
TOY ; Caſſuope. __ 
31 & 3 mW 45 35 5 32: | 54 45 © 22 jSets not. 
| #j V0 8 46 Ea 58 $57 o 35 |Setsnor. 
3 =) 13:3 46 22 16 10 55 30 I $ Sets not. 
2 | 5 20 33 47 29 22 FI 62 I x 38s |Sets not. 
3.1 S :@ 5 14 357 59 57 22 IT $i | Sets nor. 
 Perſeas. m 
3] & 25 6 1.34 30 | 40 07 52 12 | 2 41 | Sets not. 
| # ov 40 30 5 44 16 48 36 2 57 |Sets not. 
3 $6 © 37 14 38 o 43 49 2 32 |Setsnot. 
3 |S 21 37 23-22 41 46 39 39 2 47 |Setsnot. 
3 M.-4 80 .- 4 54 I | 239 & 3 365 |Sets not. 
;31 5 8 36 [11 9 | $3 7 fangs | » WES 2s 
=7 Tis Carter, Wagoner , or Wain-man. 
t.|.=. 57.8 | 22 5o 3 7 | 4-2" | 4 52 | ers not. 
2 | x. 26 52 | 21 27 | 85 53 | 44 56 | 5 43 | Sersnot. 
| The Serpent Bearer. E= 
1 + 19:90 1 35. $7 | 259 $5 þ eel 5 19 + --7? 
3] 20 &45 28 1 261 49 4 46 s 27 6 20 
8-47, 6 8 26 11 362 53 2 51 5s 31 6 9 
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Upon he 

STARS NAMES. —_ 

: Midnighz, 

| The more Northern in the Left Hand | | | May 2 
The more Southern following Io 
In the Right Knee May 25 
In the Let Knee | 15 
That in the Right Shin 26 
The foremoſt of the Four in the Right Foot. | 26 

[ Serpens Ophinchi. 

That in the Mouth April 2 
That in the 'Temples, or Side of the Head 28 
In the ſtretching out of the Neck 25 
The Second in the Neck, below the Head 24 
In the Middle of the Knot in the Neck 27 
The laſt fave ewo of the Tail | Fune 6 
The laſt fave on 12 
The laſt | | | | 23 


__ — 


Sagitta, five Telum. 
There is no Eminent Star 


OO CE 


Aquila, ſen Vultar volans. 


In the Neck July 118 
The Bright one in the Shoulder-blade 10 
That in the Left Shoulder $8 
The Tail of the Va/tur Fune 27 
That which next precedes the Tail | 25 
Antinons, 
In the Left Hand | Tuly 13 
In the Right Side 3 
In the Knee ; 2 
In the Right Arm $ I 
In the Breaſt : 7 
In the Right Foot | Tune 24, 
Delphinus. 

" The Bright one of the Tail | Fuly 22 
The more Southerly of the foremoſt of the Rhomboid 24 
The more Northerly of the ſame Side 25 
The more Southerly of the following Side 2 
That in the Head. 2 


Equuſens, Equiſe@io. 
4 No Eminent Star 


Pegaſas, Equus Alatms. 


The Mouth of Pegaſus | uly 27 
The Bright one of the Neck | x4 24 
The Right Knee Sept. 4 
The Firſt of the Wing Marchab h Aup. 31 
The Drawing forth ot the Leg Scheat | 2h Sept, B 
The Utteqnolt of ;the Wing. "; ; | 17 


To | The ASTRAL KALENDAR. | 683 


>y Right R:ght Simidinr- 
kJ Longitude. Latitude, Alcenſion. Declination.: Aſcenſion in | nal rk. 
o | T ime. | 
=. | Sis Deg. Min. | Deg. Min. | Deg. An. | Deg. Ain. | Ho. Min. ' Ho M. 
| 27.46. | 39 29; | 239 19 | 2 3 $1 ES 
;| m 28 57 16 30 240 i 3.4©S} 4: 1 $64 36 
2 # - 44-8 - $0 3. 242 3s i5 14 SS] - 4 FI 4 36 
4.30 4 39 I1 30 24+ 48 | yv 49 S. + T5 . FRE, 
v4 1 0 «12 254 23 | 20 31 Sd. 4 55 | ” >: ah 
2 | £ 15 # +2 16. 7. 254 | & | ao 4 os $7 

2 The Serpent of Ophincus. y =} 
; | m 5 24 | 39 65 | 234 19 | 20 58 3 37 7 55 
2m 18 6 39 25 236 - 81 I6 49 3 41 7 30 
| 14-80 34 - 27 232 49 | 16 32 3 31 7 28 
2| 13 46 23 58 | 229 Fo II 4t 2. 19 ST 9 
$:j ® 17-0 25 35 232 4 7 30 3 25 6 32 
[5 35 $$ [99 57 | 265 5o' } me 2 43 5 27 
4+ W -&. 0 20 37 | 27x $S 2 53 S. 6 4 5 41 
3 | w 11 10 26 59 279 .7 3 $1 6 39 6 10 
IP | The Arrow, or Dart. . "if 

in this Conſtellation. 
LIP The Eagle, or Flying Vultur. 
;| w 27 33 | 26 49 | 294 48 |. 5 41 7 39 6 24 
11 vw 7 130 21 | 293 41 SI 7 35 6 35 
;| w 25 26 | 31 18 | 292 43 9 54 7:44 6 48 
+} ww .15 36 16 282 36 I3 25 6 50 + 8 
31 v 313 44 © 37 40 281 12 I4 41 6 45 7 16 
Antinous. 

3 1'w: 61 13 45 298 36 1455S 7 - I $5 $2 
+] W 38-- BÞ 230 14 289 56 I 47 S rH S $2 
3 | w-.20 7 14 28 289 48 7 40 S w: 36 5 21 
3| wig 1 |: 24 56 | 2387 212 2 33 6 8 
$i 24 00 © 28 gs 293. $4 *} o Is 34 1 
2-1 wp 1% 17 41 | 282 12 5195S 6 49 s 26 
ON | \ The Dolphin. 
| 2 9 32 29 8 304 24 10 I4 8 18 6 49 
3| & mm $6 1 38 $7 | 395 4 | nm Ss 23 qv» 
3z| = 12 50 33 - 4 306 6 14 45 8 24 f 17 
3 j WV 14 36 32 © 307 54 I4 Il S 31 FI 
3| & 14.52 | 32 41-| 307 53 | 15 09 8-31 9 69 

| The Horſe-Colt, or Little Horſe. i 
in this Conſtellation. | 

Pegaſus. The Winged Horſe. 

3| = 27 22 | 22 7 | 332 3 8 24 9. 28 = S. 3t 
BILE OR: 9 6s 10 25 6 43 
3: X 234 = 7 336 54 28 31 0 27 38. 
2.]| X '1$ 46 -] 8 26 368 9 13 25 Io 48 7 8 
4 X .24 49 | 31 7 | 341 59 | 26 16 10. 45 35 
2 s 4 38 I2 35 | 359 5 I3 223 II 56 | 7 Ss 
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Cuxsus MaTthematicus Book VI, 


P | | Upon the 

AMerid; 
STARS NAMES. eridi 
j Midnighx. 
Andromeda. = 
The Head | Septem. 22 
The more Southern in the Girdle Octeber 9 
The Bright one in the Southern Foot | 22 
The Clearer and Upper in the Left Shoulder Sept. 20 
1 & SR9 I 5, 


| —_—_——— 


Triangulus, Deltoton. os 
No Eminent Star 


Oe En 


Coma Berenices. 


In the top of the Firſt and Northern'Triangle | Tune 10 
ARIES. 

The Bright one in the top of the Head Offober 16 
The Eaſtern in the Baſe of the Triangle 26 
bo þ TAURUS. 

In the Face, the F irſt of the Suculz, in the Noſtcils. | Novem. T2 
Between this and the Northern Eye. 34 
In the Southern Eye. ALDEB ARON. Palilicium. 17 
In the Northern Eye. | 16 
In the extremity of the South Horn Decemb. 1 
In the extremity, common with the Right Foot of Heniochws | Nowem. 30 
The Midddle and Bright one of the Seven Stars 9 4Y 

GEMINT. | 
In the upper Head, Caſtor. APOLLO. Decemb.26 
In the lower Head. Pollux. HERCULES. 29. 
In the Northern and upper Knee | | 16 
In the Left Knee Th, | 21 
That in the Belly of the Southern Twin 24 
That in the Foot, called the Heel | II 
The Bright one of the Foot. I5 
In the Southern Claw | Fanwar.1% 
; + SM | 

The more Southerly in the Head | Fas.. 25 | 


The three Northern in the Neck 

The Middle and Bright one in the Neck 

'The Southern one 

The Lyons Heart. wulus, Baſiliſcas | 
The Bright one that follows g 


KL ESA EIT omni 3h; ava 
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Right Right | Semidiur- | 

Q Longitude. Latitude. Aſcenſion. © | Declination. | Aſcenſion in | nal Ark. 

2 | > * 1 -© Thee. 

I Tin. Deg. Mm.| Deg. Min. | Deg. Min. | Deg. Adm. | Ho. Min. | Hoe. -M. 

Andromeda, | 

n1.V:-9 4 1909-4 7 4 1 EE 1 8 23 

2 | V5 9135 $9 12 49 39-9 Q-." J4 9 52 
bt 51s 9 36 L694. 46 25 57 | 49 44 1 43 |Setsnot. 

2] V 17 19 3234 20 s 33 1 O 22 s $58 
| Ty The Triangle. 

in this Conſtellation. 

$62.0 Berenice's Hair. | L” 
| ; | 2. 9-9 FF 25 [| -198 439- | TT 000 9.8 
| Conſtellations. 
| The Ram, yt, 
; , _ 3 6 9 57 | 27 1% 2k $4 I $9 $ 4 
; $] 8 $3 a Fav 54 34 44 25. $53 2 19 $ 31 

The Bull, 

3] = 2» R3"'$ 465] 6 27. | To yay 

3 Xx 26 14+ 20 6r 1 16 44 $' 4 7 29 

£1 x 4:0 5 315 64 17 | I5 45 $3J 7 22 
| z7 x i3 © $365 62 23 Is 26 4 10.4 :7 39 
| 31 x 204 | 3 14S] -79 36 | a_ 5 25 7 55 
. :.| 7  17- 49 F::0 76 23 28 21 3 g ® $2 
| $7 236 216 FE. © $3 ©O 23" 3 3 2 S 10 
| The Twins. 

$1 1 0 2 108 24 32 33 7 14 9 3 

21. S: 15 44 | # 3$ 111 19 | 28 46 *- 36 8: 20" 

3 j B $3 LS #8 v5 2 25 35 6 23 s 29 
31 S 0 ES 6SF tor 21 ©o- 6 44 7.56 

2] Ss 23 56 | o 13 S| 1o 7 26-4 7 0 8 BS 

3], © 44-] ©: 5$3S| 38 .48 | any 5 55 8 8 

35 YT 7 oY 94 2 16 38 6 19 7 2$ 
| | The Crab. 
I 31a 9: $15 $$] io 7 [ES a 
| The Lion, 
| 3 | a +4 9 40 I41 44 25 16 E 9 27 8 26 
| 3] A 19 $9 ©8801 149 34 24 3 9 5B 8 24 
| 2 | oL -24 59 49 159 - 26 21 29 toi 7 $59 
| 31 Qt a4 70 4 52 147 22 is 22 9 Fo 5: 29 
ti 0 20-9 oO 26 147 43 13 33 OS. - Cy 

| mr 46 41 14 20 164  $' | 20 io 56 8h, 


Cuxsus M a THEMATICUS. 


| Chow the 
STARS NAMES. Meridien 
| | Midnight 
The Foremoſt and Northern of the two in the Buttock Feb. 
In the Thigh | : 
The Bright one in the End or Tip of the Tail. 
| VIRGO. 
In the Tip of the Southern and Lefc Wing. March 2 
In che Righe Side, under the Girdle = 


The more Northerly, called Vmdemiatrix 
In the Left-Hand, called the Virgins Spike 
Under the —— in the Right Buttock. 


The Southern Balance April 20 


The Northern Balance 

The Third from the ſame Balance to the Eaſt 
Under the Northern Balance, in the Left Claw of the Scorpion 
That which follows. 


— 


mm 


SCORPIO. 


The Uppermoaſt in the Forchead = | Mo 


The Middle one in the Forehead | 
The Southern of the Three Bright ones in the Forehead 
The Red ſhining one in the Middle, Azteres, Scorpio's Heart 


——_— 


SAGITTARIUS. 


In the Point of the Arrow or Shaft | June 


In the Haft or Handle in the Left Hand 


PT a OED DE TILA ARNIE 


— 


_—— 


CAPRICORNUS. 


The Northern of the Three in the former Horn | Tul 

The Southern or Wt ON n 

The foregoing of the Two Bright ones in the Tail 

That whidh follows | nd 
FED ARUARIUS 

The Brighter in the Right Shoulder | 

In the Left Shoulder 4 | aw 

In the Elbow of the Right Arm v4 


The Southern one in the Right-Leg Calf, Schear 


The laſt in the Water-pouring, Fomaben, | Aug. 


——— — —_ 
—_— 


| ”ISCHS 
The Bright one in the Faſtning of the Par/aete, 


”—— 
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>| Right | Right Semidiur- 
> Longitude. Latitude. Aſcenſiam. \ Declination.J Aſcenſion in | nal Ark. 
X : : | T ime. 
= | Sin. Deg. Min.\| Deg. Min. | Deg. Min. | Deg. Men. Ho. Min. | Ho. AM. 
3:1 mM $0 19 4 164 15 | 19-14 w T9 
; | m 12. 58 = | 166 43 | 12. 2t re" RS 
z 1] nn 5 T1019 173 . 4 1 160 18.33 "þ- 4+ 37 
wes The Ping 
2j. wr 22 33" | 0-43 {| 273 26] 38 6 14 6 12 
z[{ < C6 WET 4 199 4s | 5 23 o. 39 | 6: 21 
21 = FF I E080 "5 191 3o | 12 45 J o 46-J- 9 5 
1 | = 19 16 © $95 | 196 $6 9 234 1-7: "He 
44 = 16 22 $ 20. ' | 198 13 1 | T 03 6 2 
TC The Ballance. 
2g | 1 10-308 oO 26 218 213. | 16. ESE. 2938 4 41 
2| m 14 48 | 8 35 224 52 | 8 S 2 59 5 9 
z3| m 20 3 4 25 229 I9 | 13 38S 3 17 4 43 
z | m 16 279 | 7 37 5 | 221 .35 124 55] '2 46 3 43 
gz 1 n 16:0 1 43 Sl 223 y$ 16 .29 5 > $3.46 27 

| The Scorpion, i 3 [ 
+ | m 28 26 | 1 236 36 | 51S 3 46*'Þ}. 4 16 
2 | m.. 27 59 | = 54S] 235 15. | 22 0 3 Ge II's 
2| m 25 25 5s 22S | 234 50 | 34 3 39 h-.3 36 
1] 2 5 13 | 4.27 S] 2342 23 [25 37S 4-9 338 
— un 
The Archer, or Bow-man. ec 114/30 | 
g | 2 6 28 6 54S| 265 58 | 3o 22S 5 43 2 49 
3-1 £.. 36 WM 6 50S| 269 50 | 230 215 5 $9 2 49 
Capricorn. 033 W3 
3] w 9 0 4Yy  3 299 58 | 13 29S 7: 59 4 44 
3$1'w 29- 231 4 I 300 40 IF 44 S g 3 4 34 
3 = '17 14 2 26 S | 329 29 1s 25S 9 22 4 21 
3 | = :19 O00 29 5 | 383 5 {17 .33,S| 9.29 | 4 24 
: FPIRTT 
| mY Water-keepers 0) 95 {og min wh TD 
3| = 28 49 |10 42 | 337 16 | 1 52'S$ſ''g 49*Þ''546 
3| = 18 51 | 8 42 318 7 | 6 56S| 9g 12--| 5-36 
+7 XK, & s 27 332.30 2 59S} 10 10 5 41 
2] X 4 48 8 105 339 22 17 34S] 10.38 |. 4 ,24 
x | = 29 1 |21 0oS| 339 46'| 31 17 S], wo 39: [; '2-"'49 
ESL 4) ooyal La — — 


The Fiſhes. oe 
31 Y 244 4 | 9 48] 26 16 | TT UE 
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The Southern 


- #- Upon the 
| Merid 
STARS NAMES. —agns 
EE Midnight. 
9 5 / Cete, 6 = 
The Bright one of the 7hbale's Jaw Oftober 21 
The Middle one in the Mouth 1% 
The foremoſt of the Three at the Cheek I5 
The Northern one of the Belly Septem. 30 
The more Eaſterly of the two Bright ones in the Back 24 
The more Weſterly of the ſame 20 
The Northern one of the Tail g 
The Southern and Brighter of the Tail II 
| Orion. | 
The following, or Bright one in the Right Shoulder | Decemb. 5 
The Left, or remoſt Novem. 2% 
The Firſt of the Belt 30 
The Middle one Decemb. « 
The Laſt 2 
In the Hilt or Handle of the Sword Novem. 17 
The middle one of the Sword 29 
The Southern one 30 
The Bright one in the Left Foot. | Rege? F- 23 
In che _ Knee | Decemb. } 
Above the Foot of Orion, in the River Novem. 22 
The Firſt of thoſe which touch the Hhale Ofober 17 
The Third that follows | 22 
"That in the Back or Middle of the Body Novers. 28 
Th theLeft Shoulder 27 
The more Southerly of the two in:the hinder Foet  Decemb. 2 
The more 24 $i Wi of them _ | 4 
Canis Mejor. I 
hs Bright bin one in the Mouth. | Sirime Decems.2 
That under the Left Ear ; Fes _ 
That in the End or Topof theForefoot 12 
JR _ | 27 
[The foremoſt of the Right Foot Decemb. 1; 
That in the Tail Fanuary 5 
Canis Minor. Procyon. 
In the Neck + | g 
In the Thigh. Procyon | on _ 
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Conſtellations. 


5 NE a de: ane en NO 
PMI y 74 W 


w ei aieaGGwwwww 0NMPW DMD R HD D 


=" | Right Right | Simidiur- 
I Longitude. Latitude, | Aſcenſion. Declination. _ ir | nel Ark. 
] Time. 
E Sin Deg. Min. | Deg. Min. Deg. Min. | Deg. Min. | Ho, Min. Ho. M4. 
= The Whale. | 
5 _ 9 47 Tb 4237 S | 40 21 2 45 2 45 6 9 
TW 406 a2 5 36 37 0 1 3-26 | $4 
2 > 4 7. 14 32-S 35 44 r FB + $5 49 
;| Y 17 25 | 20 19 S 22 $2 | 13 vo T1 35 4 51 
2| Y 218 42 | If 46 S 16 55 9 52S ORE 8-3 
3|Y 7 1 Þ& 55S| 13 23 [16 200 ©: $6 4 45 
2 | X 26 a3 | 15 o 43 jo 37S] oO 3 4 58s 
HS HERS © - 
£22 Orion. | 
Tr 24 12 = - 6S ; . 46:33 | 7 18 4 3 2 
m 16 23 | 1653S| 76 54 | 6 r 5 7 | 6 24, 
x 17 5o | 23 38S] 78 52 © 39.87] 5 9 Þ- $* 95 
x 1 54 | 2433S] 79 55 126 S| 5 19 5 49 
= 36 © 25 21 $ S1\ 4 4 SS 9  uJ 5 44 
m 15 37 | 25 36S.) 77 3 2 44 Sj 5 8$ 5 42 
Tr 1 24 | 25 45 S.| 79 4 539 S.| 5 16 5 42 
I. - 15 33 29 17 S 7F:.. -y® 6 10 S. S 19 5 20 
It-- 12 29 31 21 Sj. 174 46 8 37S] 4 59 | 5 6 
x w 49 | 33 38| 5 3 | von 5 2 
Fs The Rzver. : 
2 | x 10 40 | 27 54 S.| 72 56 $32S| 4 51 5 23 
$7 & -&0 24 349 | go BS i +5 2 40 4 56 
| & 9.464. 35 59 S| 45. 4n | RT 24 5 2 
The Hare. : 
3:1 Mr 386 a = £58 79 35 | 18 03 S| $g 18 4 21 
$7 x 3% 43 57 S. 7 35 233.3 & 5 14 4 4 
3 | = 20 21 | 45 49 S.] B2 32 | 22 33S| 5 30 3 56 
$ |}: x. 236 0 44 15 Y 48 20 20 56 S. 3 10 4 5 
The Great Dog. 
11 SS. 9:34 1.39 30 S454  97- I6 14. S.| 6 31 
3:1 6G 1% 3» 38 2 S. 102 16 | I5 Io S. 6 = | + oy 
2 $ 43 mn 41 18 S. 92 BY 17 49 S, &:-Þ 4 25 
3 S 21 755 45 3o S.| 103 48 25 53 S.] 6 55 3 29- 
3 | SS. 51 46 S.| gr 29 28 16 S.| 6 6G S - 9 
31 S 34 10 Fl 24 S.] 107 45 29 26 S.| 7 11 2 $9 
The Leſſer Dog. 
2. S 27: 39: 13 33 S.| 107 22 5, BELAT 6 42 
3] S 234 I5 57 S.| 110 34 6 6 1 7 I 6 4 
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TL. | Upon the 
STARS NAMES. ——_ 
| : Þ Midnight. 

51 Þ Argo. Navis. | 
That in the uppermoſt Part of che Caſtle Fanuar.16 
The Uppermolt of the | <= oÞ 
The former of | 9 
The following one Februar.1 1 
Thar between the Sail and the Milke Way March 5 
[ , " — 

Fhara. 
The Bright one of Hhdrs, or the Heart | | Zanuar.3x 
Under the Tail of the Raven April 2 
That before Hydra's Head January 9 
; Crater. Pos 
| No Eminent Star 

X þ : Corvss. w- 
The former of the two Upper ones in the Square | March 16 
_ The following one hf the ſame Square 18 
The following one of the Lower in the Square | 22 


—_————_ a ——_— 
On 


Cemaurns, Chiron. 


No Eminent Star 


Finis Catalogus. 
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= | | Right Right | Simidinr- 
q> Longitade. - | Latitude. Aſconfo hon, | Declination. __—_ on in | nal Ark. 
S. ame. | 
I Sin. Deg. Min. | Deg. Min. Deg. Mzn. | Deg. Min. | Ho. Min. | Ho. Min 
88 The Ship, Argo. | 
3] A 6 53 |] 43 18S.1 118 25 , 14 48S} 7 54 4 42 
2 a 1 3$ 44 58 S.| 113 $57 12 22'S. 7 35 4 55 
3 | © 29 © © 95 aS S| -127: 24 & EFI4 7 26 5 30 
zi” $ 0 22 29 S.| 148 55 | 11 22. S.] 9 x55 "ae 
3 | m 24 44 30 3o S | 162 14. | 25 43 S$| 10 49 3 30 
Sal The Water Serpent. 
1 | A 22 45 22 24 S.| 137 $54 4 34> 9 II 422 
3 | = 22 24 13 43 S.| 195 15 21 25 S. he " OE 
3 S 29 44 10 19 S.| 119 43 10 11 S. 7:39 6 53 
DR The Cup: g 
in this Conſtellation. 
Ih TY The Raven. ” 
2| = 6 23 14 25 S.| 179 49 19:39:84 22 39 4: 38 
3j.2>.' 5 x2 97 $S.1 183 36 I4 39 S. | Oo 13 4 39 
3] = 12 49 I7 59 S.| 184 209 21 33 v0 3:3 4 © 
The Centaiire. : : 


in this Conſtellation. 


The End of the Catalogue. 
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the Sign in the Firſt Column hereof, and in the common 4 


 — 


The Uſe of this Table. 


Having found in what Sign and Degree of that Sign the Sun is on any Day; 
which you may find in the Third Column of the DIARY, againſt every Day in 
the Year: ſeek the Sign in the Head, or top of this Table, and the Degree of 


Sun's Kight Aſcenſion for that Day. 


Example. Let the Sun's Right Aſcenſion be required upon the fift 


- 


| (EPO _ ; 4 hd - cap 4 
A TABLE of the Sur's Right Aſcenlion in every Degree of the Ecliptick, 
| to be uſed with the foregoing Table of Fixed Stars, 
es A” i be. RG Roar . 
[ \ = | Ir F jyl mp DL. mf VP | 2 big 
Aries, | Taurus. | Gemini.| Cancer.) Leo. | Virgo. | Libra. | Sfp. | Sagtt. ' Capric. | Aquar. Piſces, 
fb. M.jo. Mp. MD. MD. MD. MD. MD. Mb. M.D. MD: MD, © 
Solo olzy 54159 48] 50 oftze 12]1ga 6180 _ of207 $4237 48 250 0\392 12332 6 
x 12 $5$]-3 51 gi] $I $123 14j153 2[180 55/208 511238 51271 5403 14333 2 
+ | 1 $ol29 4gl59 53] 92 ttj124 16]154 1181 $0j209 491239 53272 111394 16 334 1 
2 || 2 4539 4560 55] 93 16/125 19]154 $8182 451219 49[249 $9273 16305 19 334 58 
4 | 3 4ojgl 43/51 56g] $4 22/125 2c|I55 54/183 44211 44241 59274 22,305 20 335 54 
s | 4 35132 42163 2] 95 27 "#7 221155 511184 351212 421243 — IIS 271807 22 33S, 5H 
6 || 5s 39]33 4*54 g| 95 32128 2457 48/185 391213-4]244 6275 32,398 24 337| 48 
7 5s 25124 38'5s 6| 97 38129 25|158 441185 25214 351245 $9 277 38/309 25 338 44 
8 7 21135 37.56 12] 98 431139 26159 go[187 21215 371245 13278 43/310 26-339 qo 
oi] 8 16135 3557 17] 99 48|tzi 27160 370188 161216 361247 17 279 48311 27340 37 
T0 | g 11137 34 58 211100 531132 28i1651 33 189 I1H}217 34 248 21 289 $3,312 28 341 33 
in {flo 6[32 3369 25jlol 58/133 281162 25190. 61218 33]249 25 281 583'3 25 342 25 
t2 | [it 1ſ39 3370 agſ193 31134 29]163 25|19t 2/219 321250. 25283. 3/314 29343 25 
13 |j11 $749 3291 341104 B135 291164 2ofiS1 $7Þ220 3ijzst 34294 831g" 29344 20) 
r4 ||12 $2144 3172 38|105 13]135 2g]165s 165]192 $3221 3iſzs2 38 285 13/315 25:345 16 
is | |13 48142 31/73 43/106 171137 291165 121193 481222 Zi]253 43 86 17 317 291345 12 
— | IO On IE EE <5 03 OO Ay 
16 Hig 44\43 3174 47/107 221138 251167 7/194 44/223 31254 47;287 221318 291347 1 
I9 js 4oſ44 3175 $2108 26}139 2811658 3jI95 40,224 3iſ255s $2:278 25|319 281348 3 
18 1s 35145 3175 57/109 3 [140 271168 58[196 35225 31[255s 571289 311320 271348 5 
ig |j179 gijqs 32798 [110 3s|[141 271169 54197 3i[225 32[258 21[2g0 34|321 27/349 54 
2. | 18 271479 3279 7111 39j142 26{170 49]98 27j227 321259 7291 351322 26[350 4 
21 ; {19 23/48 3380 12jti2 431143 24/171 44/199 231228 331250 12[292 431323 24/351 4 
22 20 20149 3481 I7/1113- 471144 23,172 $9120” 2cC1229 34 261 17 293 471324 231552 3 
23 21 16150 3582 22{I14 gitgs 7 ME. 35/201 161230 351262 22 294 $1,325 22/353 3 
24 , [22 12j51 3683 281115 $41445 201174 30/202 I2ſ231 361253 28[295 54326 2c|354 3 
25 | 23 9152 1k Z2j115 571147 181175 251203 $1232. 38 264 33255 $7 327 It|355 25 
26 jj24 6153 4885 38118 1148 16/1796 20,204 6,233 qoſ25s 3812658 1328 16[355 2 
27 [|25 2154 4295 44jt19 qjtgg 141177 15295 21234 411266 44259 4329 15/357 1g 
23 25 59/55 44187 45120 7150 11178 10/205 59,235 44/257 45400 7 339 11]358 10 
29 ' 126 $5/56 45,838 $55 121 615i $179 5/206 $6235 45/268 55]301 9331 $i359 5 
Zo l27 54'57 48.50 oO 122 I2his2 61180 1207 $4237 4812750 c[302 12332 _ 6 360 a 


”ele you ſhall have the 
h of Luguſt. 


Look in the DIA RY for the Fifth of Aug», and againſt it you ſhall find 22 deg. 
49 min. of Leo; and that is the Sign, Degree, and Minute in which the Sun is on 
the Fifth of Anguſ# at Noon. 

Now to find his Right Aſcenſion for that time, look for Leo in the Head of this Ta- 
ble, and for 23 deg. in the Firſt Column on the Left-hand, (becauſe 22 deg. 49 min. 


is nearer to 23 Geg. then to 22 deg. ) 
Column, you ſhall find 1, 


Auguſt. 
In like manner, 


16 of Decemb. 


| 10 of fanuar 
On the 6 of April if 


And fo for any other Day in the Year. 


D. 


5 


M. 
6 


I 
the Sun iSind26 59 V 


20 VF 


A [cenſion 


and his Rigbr 5 
275 


and under Leo, and againſt 23 in the Firſt 
5 deg. 22 min. for the Sun's Right Aſcenſion on the Fifth ot 


M. 


14 
C2 


27 


A T 4- 


OR 


T PORT EET IIS. by 
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” Te Take of Rediin, i Diſerguin, nil a8. 
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TABLE readily ſhewing how #0 Reduce Degrees and Minntes of a 
y Equino@ial into Degrees and Minutes of Time : p & Hours, Minutes, and 
Seconds of Time, into Degrees and Minutes of the AquinoGQtial. 


Degrees of the e/£quinottial. 


—_— 2 | 31 4] $1 6] JST" Ke "29 1 82 | 14 
| | 16 19 | 15 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 
[ |3o|31]32 [33 |34]35]35]37]35]39|4o[4r]ſ4r]43 | 44 
It | 4s | 48147 | 49 [49 | 50 [51 | 52 [53] 54[ 55 | 56] 57158 | 59 
62 | 64 | 64 | 65 | 66 | 69 | 6B [| 69g [| 0] 751] 752] 93 | 74 
V | 75 | 76] 97 | 79 | 79 | 80 | Br | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 8g | 


| _ DT TT 


_ Sep Se.|M. Se. _ Se. Se. M. Se.M. Se. 
o © 4 © 8 ol2 cis 020 024 o 23 oſz2 0/36 o44 ol4s8 _ ols6 © 
© 20 4 20 8 2012 2cji6 20/20 20/24 20 28 2cj32 20365 2040 20144 20{48 20 52 20[56 20 
0 49, 4 49 8 qol2 goſis gome 40/24 49 28 49152 4036 401409 40144 40148 49 52 40,56 4o 

| | | ——— C— _ 
1-0]s 0, 9 olg ofl7 o'2r 025 os. on a 0 0 IS 053 co7. 6 
$ 20, 9 2013 2017 20 21 20'25 20 29 20133 -20'$7 20/41 20'454 20149 20'53 20|57 20 
5 h 9 4013 4o[17 = ” 40 29 4033 40/37 40/41 45/45 40449 49.53 4 : 40 
0] 6 o10 olg c|i8 o22 026 030 c[34 0.38 0'42 46 ols0 O54 O:58 © 
20] 6 2010 2014 20/18 2022 2026 2030 20/34 2038 20/42 20,46 2050 20 54 20'58 20 
40, 6 4010 golg 4olr8 4022 49,26 40 39 40134 40.38 40/42 vo 4959 49 54 4 58 4O 
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3 o7 on org ofig Jo 027 031 93s I A43 47 os 055 959 © 
3 = 7 2011 2015 20{l9 20/23 2027 20 31 20j3g 0.IP 2043 2047 2051 20 55 20 59 20 
3 49 7 40[11 49.15 goſiy 40:23 49.27 49.31 49135 49139 4943_4947_4c151_40'35 46.59 40 


| a Minutes and Seconds of Time. 
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The Deſcription and Uſe of the Table of ReDucTIioN. 
The Deſcription. 


N the Six uppermoſt Lines of the Table are all the Degrees of the Equine&ial, from 
| o deg. to 9o deg. each Line containing 1 5 deg. thereof, or one Hour of Time, as 
is nored in che firſt Column towards the Lefe-hand, at the end of each Liae. 

In the under Part of the Table, and in the firſt Columa thereof cowards the Left- 
hand, you have every Fifth Minute of the £quino#ial, againſt each of which, in the 
| reſpective Columns, you have how many Minutes and Seconds of Time are contained 
therein, having relation to the Degrees of the e£quino#isl in the Six Lines above. 


The Uſe of the Table. 


I. How to know how many Degrees and Minutes of Time are contained in any 
Number of Degrees and Minutes of the Xquinodtial. 


You muſt ſeek the Number of Degrees of the e£quine#ial above, in one of the 
Six Lines; and the Minutes (or the neareſt Minutes you can find) in the firſt Co- 
lumn of the lower Pare of the Table ; and againſt the Minutes in the firſt Column, 
| and under the Degrees in the Head, in that Common Angle, you ſhall have the Mi- 
nutes and Seconds 3 and at the end of the Line above, where you found the Degrees, 
you ſhall have the Hours; as in the Examples following. 


Example 


- T-FAK, AIR — 
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Example 1. I» 17 deg. 15 min of the EquinoQtial, bow many Honrs and Minute, 
ye Jars 17 deg. in the top of the Table, ( which you ſhall find in the Second Line, at 
the end whercof ſtands I. or one Hour. ) Alſo tind 15 min. in the Firſt Column 
of the lower part of the Table, and againſt 15 min. and under 157 deg. you ſhall 
find 9 min. which- with the one Hour at the top of the Table, makes one Hour 
9 Minutes. And ſo much in Time is contained in 17 deg. 15 min. of thz Equis 


noltial. 
Example 2. 


of Time ? ; R . , 
Look for 68 deg. in the Head of the Table, which you ſhall find in the Fifch L;ze, 


at the end whereof ſtandeth IV. or Four Hours : Likewiſe find 25 min. in the Firſt 
Column of the under part of the Table, and againſt 25, and under 68, you ſhall tind 

min. 40 ſeconds 3 which, with the Four Hours above, makes 4 Hours, 33 min, 
40 ſeconds of Time; and ſo much is contained in 65 deg. 25 min. of the Equi 


notfial. 
In like manner you may find, that 


" 68 deg. 25 min. of the Equinotial, bow many Hours and Minate; 


D. M. H. M. S. 
279— O 5/6 © 

ing $4—410 of the Fquinodial'is contained ) 3 12 40 of Time. 
, JSE=F9 4 49 40 


Il. To find iow many Degrees and Minntes of the Equinottial, are contained 
in any Number of Hours, Minutes, and Seconds of Tune. 


Seek the Minutes, (or Minutes and Second: ) in ſome of the Columns in the 
lower part of the Table, and note what number oi Miuutes of the EquinoG:al ſtands 
againſt the ſame in che Firſt Column. Alto feck the Hours in the Head of the Ta- 
ble, and carry your Eye along that Line, till you come over the Column where you 
found the Minutes and Seconds; for thoſe are the Degrees ; and thc Number in the 
Firſt Column the Minutes. 

Examvle 1. In 3 Hours, 48 min. 20 Seconds of Time, how many D:grees and Minutu 
of the Equinotial ? 

Firſt ſeck 45 min. 20 Szconds among the Columns in the lower part of the Table, 
( which you will find in the 14th Column,) and over it ( in the Line at the top of 
the Table, which hath three Hours at the end of it, ) you ſhall find 55 deg. and 
againſt 48 min. 20 ſec. in the firſt Column you ſhall find 5 min. So that in 3 hour. 
48 min. 29 ſec. of Time, are contained 48 deg. 5 min. of the Equine#1al, 


In like manner, : | 


H, M. S. D. M. | 
I 4 O | 16 45 
In 4 3 28 20 p of Time are contained & 5: 5o of the EquinoFial. 
5 18 40 79 40 


And 1o of any other number of Hours, Minutes, &c. 


| Note here, Thar this Table extendeth but to the Degrees of one Quadrant of the 
Equinettial ; wherefore, if your number of Degrees of the Equino@ial to be re- 
duced into Time, be above go, add 6 Hours ; if above 180, add 12 Hcurs; | 
if above 270, add 18 Hours to what you find in the Table. 


Of te 4$STRAL KALENDAR. 


Some Uſes of the foregoing Table of FIXED STARS. 
Þ* E Uſes of this Table are many, ſome of which follow. | 


USE I, To find at what Hour any of the Stars in the Table, will be npor 
the South part of the Meridian any time of the Tear. 


The RULE. 


From the Right Aſcenſion of the Star i» Degrees and Minutes (as found in 
this Table ) ſubtrat the Right Aſcenſion of the Sun, i» Degrees and Mi- 
autes, ( as it is in the Kalendar for the Time propoſed, ) the Degrees and 
Minutes remaining ( being reduced into Time, either by the little Table at 
the end of the Catalogue of Stars, or by allowing 15 deg. for one Hour, and 
4 deg. for one Minute of Time, ) ſhall give you the Hour and Minute that 
that Star ſhall be upon the South part of the Meridian an #be day pro- 


poſe. 


Nite. If it fo fall out (as often times it will ) that the Right Aſcenſion of the Sun 
be greater than that of the Stars, (ſo that ſubtraction cannot be made,) you 

- muſt add 180 deg. to the Star's Right Aſcenſion, and then the ramaining De- 
grees (reduced into Time as before) will be the time that the Star will be upon 
the South part of the Meridian the next Morning. | 


This Rwle ſhall be Muſtrated by Examples. 


Example 1. Let it be > penn ro know at 2hat Hour the Head of Meduſa ( called 
Algol ) will be upon the South part of the Meridian. upon the firſt of February. 

The Right Aſcenſion of Algol, Cor Head of Meduſa,) according to this Table, is 41 deg. 
46 min. And the Right Aſcenſion of the Sun for the firſt of February, ( by the Table) 
is 145 deg. 30min. which being greater than 41 deg. 46 min. the Sta#'s Right Aſcen- 

ion, Ido add ( according to the Note, or Caution before given ) 180 deg. to the 

tar's Right Aſcenſion , and the Summ will be 221 deg. 46 min. from which 
if you ſubtract 145 deg. 3o min. (the Sun's Right Aſcenſiom,) the Remainder will be 
76 deg. 16 min. which reduced into Time (as is ſhewed before) is. 5 hour. and 
5 min. and at ſuch time the next Morning, (viz. February 2. ) will the Star {gol be 
upon the South part of the Meridian. | 


A Synopſis of this Firſt Example. 


| D. M. 
The Right Aſcenſion of the Head of Meduſa, Algol, 41 46 
| Add 180deg. _1v$o0 oo 
The Summis "1 RI 
The Right Aſcenſion of the Sun February 1. ſubtract 155 30 
The Remainder is 76 16 


Which 96 deg. 36 min. converted into Time, is 5 hou. and 5 min. at which time 
in the Morning, ( February 2. ) the Star Algel will be upon the South part of the 
Meridian, becauſe the Sun's Right Aſcenſion was greater than thac of the Star's. 

[ have been ſomewhat large in the Explanation of this Rale, and this firſt Exam- 
p/e, becauſe T intend the more brevity in thoſe which follow : — And allo, for that 
_ Is in it all the varieties that can poſlibly ariſe in any other Example of the like 

ind. | 

Example 2. Let it be required to know at what time the great Star in the Skirt of 
Beeotes Germent, called Arcturus, doth come to the Meridian on the 31 of May. 

The Rigbe Aſcenſion of Artturw, by the Table, is 30 deg. 13 min. The Right A(- 
cenfion of the Sun, for the 31 of May, is 78 deg. 45 min. ( which ſubcraced from the 
Right Aſcenſion ot/ the Star 180 deg. being added, che Summ will be 210 deg. 13 min. 
from which ſubtract 98 deg. 45 min. the Right Aſcenſion of the Sun, and there reſts 


(PppP] 131 deg. 
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0 131 deg. 43 min. which correed into Time by the former Table, giveth 8 haves 
46 min. So that Arurszs will be upon the Meridian at 46 min. after 5 the next 


Morning ( June 1.) 
See the following Synop/is. 


D. M. 
| fon of Arurus 0 
1% wet 180 deg. add bo : 
The Summ 210 13 
The Sug's Right Aſcenſion, May 31 ſubtract 3 a5. © 
| ' Arcurws on the Meridian 131 28 


That is in Time $ hou. 46 min. the next Morning, June 1. 


Example 3. Let it be required to find at what Hour the Great Dog, or Syrius, will be 
wpen the Meridian on the 18:h-of October. 


: I ſhall uſe no more words to Explain this Example, but the following Synor/es. 


The Right Aſcenſion of Syrizs, the Great Dog 97 42 | 
The Sun's Right Aſcenſion, October 18. ſubtract 49 | 
The Great Dog South 64 45 


Which 64 dep. 45 min. being converted into Time, gives 4 hou. 19 min. for the 
time of the Great Dog's coming to the South the 18th of Ofober in che Evening ; be- 
cauſe the Sun's Right Aſcenſion was leſs than the Star's 3 ſo that 19 min. after 4 in the 
Afternoon the Great Dog on the 18th of Ofeber will be upon the Meridian. 

The Three foregoing Examples have been all wrought in Degrees and Minutes of 
Right Aſcenſion ; and fo at the concluſion did require a Reduction of Degrees and Mi- 
nutes of Right Aſcenſion into Degrees and Minutes of Time : Wherefore, I will work 
the ſame Thres Examples again in Hours and Minutes of Right Aſcenſion in Time, as 
they were before in Degrees and Minutes of Right Aſcenſicn. | 


Example 1. At what time will Algol, -or the Head of Meduſa, be pon the Meri- 
dian on the Firſt of February ? | 


The Right Aſcenſion of Meduſa's Head, in the Table of Stars, is 2 hou. 47 min, 
And the Right Aſcenſion of the Sun on the Firſt of February, in Time, is 9 hou. 42 min. 
which ſhould be ſubtracted from 2 hou. 47 min. the Right Aſcenſion of Algol ; but 
being it is greater, add 12 Hours to the Right Aſcenſion of Algol, and: then trom the 
Summ ſubtra& the Sun's Right Aſcenſion, the Remainder will be 5 hou. 5 min. for 
Time of Algol's coming to the Aeridian the next Morning, February 2. becauſe the 
Sun's Right Aſcenſion was greater than the Star's Right Aſcenſion. 


H. M. 

The Right Aſcenſion of Algol in Time 2 47 

12 Hours added makes I2 oo 

The Summ | 14 47 

The Sun's Right Aſcenſion, February 1, ſubtract 9 42 
The time of Al/go!'s coming to the Meridian 5 of | 
K wr an 2. At what Hour upon the 31ſt of May, will Ar&urus be npon the Me- | 
ridian 2 . | 
H. M. . 
The Right Aſcenſion of ArFurus | dx 
| 12 Hours add IS ©. | 

| Summ - bs. 1 

Sun's Right Aſcenſion, May 31 ſubtract 5 15 


Time of the Star's being upon the Meridian in the? $6 © | 
Morning, Fune 1. C | 8 46 | 


Fxample 
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be upon the Meridian ? 


Ly Of the ASTRAL KALENDAR © 690 


<—_—_— 


Example 3- At what Hour will the Great Dog, Syrius, be whon the Meridian on 
the 18h of October? 


H. M. 
The Riphr Aſcenſion of Syrine in Time 6 31 
Sun's Right Aſcenſion, October 18 42% 
The Great Dog, Syrians, South at S279 


In the Evening, becauſe the Sun's Right Aſcenſion was leſs than the Stars, 


This way of finding the time of a Stars coming to the Meridian is ſomewhat ea- 
fier than che former, becauſe the Reduction of Degrees and Minutes into Hours 
and Minutes is avoided —— There is yet a more expeditious way by Addition, and 
not Subtraction, and that is this. | 


| The RULE. 


To the Complement of the Sun's Right Aſcenſion (* found in the Sun's Ka- 
lendar ) add the Stars Right Aſcenſion ( found in the Table,) the 
Summ of them is the Hour and Minute of the Star's coming to the Me- 
ridian. 

Note, If the Summ of the Addition do exceed 12 Hours, take 12 therefrom, and 
the Remainder will be the time that the Star will be upon the Meridian in the 
Evening.— Bur if the Summ be leſs than 12 Hours, it will give the time of 
the Star's coming to the Meridian the next Morning. - 

I will make this Rule, and the Nore upon it, plain, by the Three foregoing Exam- 

ples, wrought by this way of Addition only. 


Example 1. At what time, February 1. will Algol be upon the Meridian? 
The Synoppis. 


The Complement of the Sun's Right Aſcenſion, Feb. 1. 2 18 
The Right Aſcenſion of Meduſa's Head, Algol 2 47 
Algol comes to the Meridien at 5 os 


— The next Morning ( Feb. 2. ) becauſe the Summ is leſs than 12 Hours. 
Example 2. At what time wpon the 31/# of May, will Arcturus be wpon che Me- 


ridian ? 
H. M. 
Complement of the Sun's Right Aſcenſion, May 31. 6 45 
The Right Aſcenſion of Arurus 2 or 
Ar&urzs comes to the Meridian at Ss 46 


The next Morning, (Fune 1.) becauſe the Sun is leſs than 12 Hours. - 
Example 3. At what time upon the 18th of October, will Syrius, the Great Dog, 


H. M. 

- The Complement of the Sun's Right Aſcenſion, OF, 18. 9g 48 
The Rigbe Aſcenſion of the Great Dog, Syrius 6 3k 
Syrizs Comes to the Meridian at 16 19 


— From which take 12 Hours, and there remains 4 hou. and 19 min. at which time 
in the Evening, O#. 18. ( becauſe the Summ exceeded 12 Hours ) Syrias will be upon 
the Meridian. | | 

Thus have you Three ways to find the Time that any Star in the Table will be up- 
on the South part of the Meridian, and you ſee ( by oblerving the General Rules ) 
that they all agree, ſo that every Man may uſe that way which he beſt liketh : and 
fo this ſhall ſuffice for the firſt Uſe of this Table. 


[Ppppa2] USE 
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USE II. To find any Day of the Tear, at what Hour any Star in the Table 


doth riſe and ſet. 


For this purpoſe in the Table of Stars you have a Column whole Title is Sem. 
diurnal Ark, by help whereof ( having the Time of the Star's coming to the Meridian) 
you may find the Time of the Star's Riling and Setring, by the Directions following, 


The RULE. 


From the Tigre that any Star comes to the Meridian, ſubtra the Semidi- 
urnal Ark of that Star, and the Remainder ſhall be the 1rme of the Star's 
Riſing. Alſo, If to the Time of any Star s coming to the Meridian, you 
add the Semidiurnal Ark of that Star, the Sum ſhall be the Hour and 
Minute Hl that Star's ſetting But (if Subtration cannot be made ) add 


Twelve Hours where Occaſton ſerves. 


Example r. At what Hour, upon the 24. of February, will the Star Algol riſe and 
ſet ? 


By the foregoing Examples you found, that Algo! came to the Meridian on the 2d. 
of February, at 5 Hours and 5 min. in the Morning ; which known, look tor the 


| Star Algol (the Head of Meduſa) in the Table of Stars, and againſt it (under the Title 


of Semidiurnal Ark) you ſhall find theſe Words, | Sets nor |, which ſhews, that 4lys 
(in this Latitude of London, 51 deg. 3o min. for which the Tables in this Book are 
calculated) never ſets, nor never riſes, but is always above the Horizon : So that this 
Example is impertinent in this Latitude, though this Star riſes and ſets in other Lati 
eades. And to be aſcertained of what Stars dv xile and ſet in any Latitude, obſerye 
this 
GENERAL RULE. 


If the Declination of any Star (found in the Table) having North Decli- 
nation in North Latitude, do exceed the Complement F the Latitude if 
the Place you would know the Time of his or Setting Riſing in, you mi 
conclude, that that Star never riſes nor ſets in that Latitude, | 

As in this Example, the Declination of A/gol is 39 deg. 39 min. North; | 
which being greater than 38 deg, 3o min. the Complement of the : 
Latitude of Lodo, you may conclude, that it never riſes nor ſets 
in that Latitude. 

And, {f the Declination of the Star be equal to the Complement of the Li- 
titude, (as the Bright Star in the Harp, called ſometimes Lxcida Lyra, 
whoſe Declination is 32 deg. 3o min.) that Star doth only touch the 
North part of the Meridian, wpox the very Verge of the Horizon, but 
ever riſes nor ſcts. 

Allo, Thoſe Stars whoſe Declinations are South, and greater than the Com- 
plement of the North Latitude you are in, do never to us riſe or ſet, bit 
are always hid from our ſight, under the Horizon. 


Example 2. At what Hour upon the* 18th. of October doth the great Dog LILIus 
riſe and (et? | 


' . Bythe foregoing Examples you found, that the Great Dog was upon the Meridian | 
, onthe 15th. of October, at 19 min paſt Four in the Evening ; and (by the Table of 


Xars) you find that his Semidiurnal Ark is 4 ho. 34 min. which ſubtracted from 
4 ho. 19 min. the Time of the Star's Southing, the Remainder is x1 ho. 45 min. for 
the Lime of the Star's Riſing ; and being added thereto, the Summ is $ ho. 53 mio- 
the Time of the Star's Setting. | 


The 
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H. M. 
The Great Doy Sourh, Oftober 18 4+ I9 Evening. 
His Semidiurnal Arch, lubtract . 4. 28 


Leaves the Time of the Star's Riſing 11 45 Before Noon. 


And the Semidiurnal Ark added, w__ : : 
che Time of the Star's Setting —— S $3 Evening. 


Example 3- At what time upon the Firſt of June will ArQurus riſe and ſer * 


H. M. 
Arfurus South upon the Firſt of Juneat 5 46 Morning. 
His Semidiurnal Ark ſubtracted 7-54 
Leaves the Time of the Star's Riſing © 51 Morning. 
And the Semidiurnal Ark added makes 16 4i 
From which ſubtract 12 ©0 
Leaves the Time of the Star's Setting 4 41 After Noon. 


USE III. To find what Latitude you are in, at any time when the Stars 
appear, by taking of the Star's Meridian Altitude, ard finding of 
his Declination 7 this Table. 


In finding of the Latitude by the Meridian Altitude of a Star, and his Declination, 
there are ſeveral various Workings to be obſerved. 


(1.) According to the Situation of the Star , he having North or South 
Declination. | 

(2.) In reſpe& of your obſerving his Altitude, whether he be upon the North 
or Souch part of the Meridian. ; | 


(3.) And in reſpect of the Part of the World in which you are. 
Examples of all which Varieties I ſhall give in theſe few brief Rules. 


gods the Meridian Altitide from 


go deg. the Remainder is the Lars- 


NORTH Side 0 
| the Meridian, 


I. If the Star have rnd ad 
———— d = ; 
erve his Meridian Subtrat the Meridian Altitude f 
Altitude on the SOU TH Side of Y”? OP - OV FO 
| the Mwidien, 2 yo _— Remainder is the Lati- 
rAnd the Meridian Altitude lefs than 
| 90 wo. and the Star upon the South- 
ſide of the Meridian, add the Meri- 
| dan Altitude and Declination toge- 
£S$SO U T H, 4 ther, which taken from go deg. the 
| Remainder is the Latitude North. 
But if the Summ exceed 9o dep. 
2, If the Star's De-1 take go from it, the Remainder is 
clination be | | v the Latitude Somth. 


"And the Meridian Altitude leſs than 
go deg, and the Star upon the South- 
lide ot the Meridian,lubtradt the Star's 
Declination from his Meridian Alti- 
tude, and the Remainder taken from 
go deg. gives the Latitude North. 


EN ORT H, 


pr—— YO — 
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And the Meridian Altitude be leſs than 

go deg. and the Star upon the 

Notrth-fide of the Meridian, ſubtra& 

eS$ O0O U T7 H, 4 the Declination from the Meridian 
| | Altitude, and the Remainder taken 


L South, 
3. If the Star's De} 

clination be | eAnd the Meridian Altitude leſs than 
go deg. and the Star upon the North 
| ſide of _ —_— 0 Summ of 
the Altitude and Declmation taken 
NORTH, fon go deg. leaves the. Laritude 
South. But if the Sum be more than 
go deg. the Remainder above yo is 

- © the Latitude North. 


South , 
North, 
Star's Declination is the Latitude \ Foe | 

Tf the Meridian Altitude be obſerved within the Bounds of the Polar Circles, in this 
Caſe the Star's Declination muſt be taken from 9o deg. and the Remainder is the 
Star's Diſtance from the Pole 3 which added to the Meridian Altitade, gives the Latitude. 


If the Star's Declination be j and the Meridian Altitude be juſt 90 deg. the 


q| Note, That theſe are all the Varieties that can poſſibly happen at any time, in any Part 
of the World : And what « here ſaid of the Stars, the ſame as to be underſtood of 
the Sun alſo. And therefore theſe Rules will ſerve for the Sun's Meridian Alti- 
tude alfo, by changing the Word Star's for Sun's, &c. And I place theſe Rules 
here the rather, for that they will be more ſerviceable to Scamen, than to obſerve by 
the Sun, for theſe Reaſons. | 


t. Becauſe you can have the Sun upon your Meridian but once in 24 Hours, there 
being but one Sun in the Firmament. And, ; 

2. Becauſe there arc infinite of Stars, and at any time that the Stars may be ſeen, 
ſome or other of them will be always upon the Aferidian; ſo that you may 
make ſeveral Obſervations of chem in a ſhort time. 


Rules to find the Latitude by the Sun's Meridian Alticude and 
Declination, 


CASE I. It the Sun be on the Meridian to the Southwards, and have South 
Declmation, 

Add the Sun's Meridian Altitude and Declination together, the total taken from 
go deg. leaves the Latitude North. 


D. M. 

The San Declination Southerly 20 _ 

The Sur's Meridian Altitade obſerved 17 55 

Their Summ RS 8h - 

Which fubrracted from 9o deg. or 89 60 
There cemains the Latitude North "$8 os 


But if the Summ of the Meridian Altitude and Declination do exceed 90 deg. ſubtra& 
90 deg. from it, and the Remainder is the Latitude South. 


03. : A. 
"The Sun*s Declination South 20 11 
Fhe Meridian Altitude by Obſervation "0-35 
r- . PT ans 
Their Sum ; Yo 46 
From which ſubtra& 9o. ' YO ©09 
There remains the Latuude Soul O09 46 


CASE 


from yo deg. leaves the Latitude 
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CA SE I. It the Sun be on the Meridian to the Southwards, and have North De- 


clination. "2 os 
Sabtract the Sun's Declination from the Meridian Altitude, and that which Re- 


mains ſubtract from 9o, the laſt Remainder is your Lattude North. 


] D. M. 
The Sun's Declination Northerly Is 10 
The Meridian Altitude oblerved {> 64; -f 
The Declination ſubtracted, the Remainder 1s 49 21- 
Which ſubtracted from go 89 60 
There Remains the Latitude North 49 39 


CASE II. If the Sun be on the Meridian to the Northwards, and have 
North Declimnation. 
Add the Sun's Declination and Meridian Altitude together, the Total taken from go, 


the Remainder is the Latitude South. : 
Bur if the Total exceed go deg. ſubtrak go deg. from it, and the Remainder is 


the Latitude North. 
CASE IV. If the Suzy be Northward at Noon, and have South Declination. 


Subtract the Declination from the Meridian Altitude, and that which Remains ſub- 
tract from go deg. the laſt remainder is the Latitude South. | 

CASE V. If you obſerve when the Sun hath no Dechination ; 

The Meridian Altitade obferved when the Sun hath no Declinatien, the Meridian Al- 
titude taken from 9o deg. is the Latitude. == 

CASE VI. If you obſerve when the Swn is in the Zenzth. 

Look in the Table for the Sun's Declmation that day, far that is your Latithde. 

CASE VII. If the Sun come to the Meridian beneath the Pole; . | 

If you be within the Ar#ick or Antar#ick Circles, and obſerve the Sax upon the 


i 


* Meridian under the Pole, ſubrrat the Sun's Declmation from yo; the Remainder is the 


$wwn's Diſtance from the Pole; which added to his Meridien Altitude, the Surmm is the 


Latitude. | 
What is faid here concerning the S#», the like is to be underſtood of the Stars 


alſo. 


Of Magnetical Inclination, and how to know the Larticude, by the 
Dipping Needle, without the help of Sun or Stars. 


HE Inclinatory Needle, was the Uſeful invention of Dr. Butler, and hath been 
ſince approved ot by divers learned Men of this, as well as of former Ages; 

It is now contrived ſo as to hang in a broad Braſs Ring, within ewo Glaſſes 
to keep the Needle from the Air; in the Braſs Ring are two Quadrants 
divided into 9o Degrees , and the Needle hangs upon an Axs, playing up- 
on two Pevets : This Inſtrument is placed in a Box, and fo ordered to hang therein, 
thar the Ship moving up and down, the Inſtrument hangs Perpendicular and Hori- 
zontal alſo, as the common Compaſs doth. "The Needls in this Braſs Frame be- 
eween the Glaſſes ( before ic be touched with the Load Stone) is made to hang up- 
on its Axs Horizontal, but when it is touched it hath an inclination, reſpecting a 
certain Point of Elevation or Depreflion, according to the Laritude wherein it is 
uſed : And the Depreflions are ſuch, in every Degree of Latit«de, as in chis Table is 


expreſſed, 
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A TABLE of Magnetical Inclinacion. 
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C&. Magne- , &« | Mapne- | CG Magne- V | Magne- 
E _ | E | a | SE tical E tical 
S | Inclina- I Inclins- | & | Inclins- | \ | Inclind- 
H tion. 107. | Q £10n. wy ton. 
D. | D. M. | D. | D. M | D. | D. M. | D. | D.. M. 
o | oo oo | 23 | 4x 39 | 46 | 68 24 | 69.] 83 40 
: | oz 1 | 24| 43 6 47 | 69 17|79|84 7 
2 | 04 20 | 25| 44 zo | 48 |70 9 | 71 | 54 32 
3 | 06 27|26| 45 54 | 49 | 79 59 | 72 | 84 57 
$ os 31129] 479 235 | $0 | 72: 45 | 73 | OF 21 
'5| 10 34|28| 48 36 | 51 |72 36| 74 | 85 44 
6 112 34|29| 49 54 | 52 | 73 23 | 75 | 86 7 
71] 14 32{| 3o0|5rt 11] 53194 BB] 76 | 86 2 
8 | 16 28|3r| 52 27 | 54|74 52 | 77 | $6 48. 
9 | 18 22 | 32] 53 41 | 55|75 35| 78 | 87 B 
© | 20 14 | 33 | 54 $53 | 56 | 96 17 79 87 26 
it | 22 4| 345 56 4 | 57 | 76 57 | 80 | 87 44 
12 | 24 52 | 35| 57 13 | 58 | 779 37 | 81 | 88 1 
13 | 25 35 | 36| 58 21 | 59 | 978 17 | 82 | 88 17 
14] 27 21| 37 | 59 28 | 60 | 78 52 | 83 | 88 33 
i5| 29 4| 38] 60 33 | 61 |79 29 | 584 | 88 47 
16 | 30 45 | 39 | 61: 37 | 62 | 8&6 4 | 85 | 89 1 
17 | 32. 24 | 40 | 62 39 } 63 | 80 35 | 86 | 89 14 
18 | 34 © | 4r | 63 4o | 64 | $1 11 | 87 | 89 27 
I9 | 35 36 | 42 | 64 39 | 65 | 81 43 | 85 | 89 39 
20 | 37 9 | 43 | 65 38 | 66 | B2 13 | 89 | 89 50 
21 ] 35 4t | 44| 66 15 | 67 | 82 43 | 90 | 90 o 
22 | 40 111 45 | 694 3o | 68 | B3 12 | — 
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Of the North-Star, and how to find the Latitude thereby, 


The = A Table of the North-Star in theſe ſeveral Latitudes. Sire old ho 
| btn: © 20 20 40 50 60 70 T he Polos © 
THR | ne | S''che Compaſs 
pi>. [D. MID. MID. M-D. M.D M.|D. MJD. M/}5 
==! North 2 . z0j 2 10/2 10][2- 9/2 2 0®f 2 17 South 
35 |NbyE|r $3]: $3|z $31. 52] $21 5x] x 49Þ2] SbyE 
Z-| NNE | z 3a|z 31]z 3o|z 3o|1T 29] 1 28! x 25j6] SSE 
25NEbyN|z Gr 5|xz 4x 31 2]1 10. 5$|Z]SE bysS 
53 NE [o 3gjſo 3$o 37]o 365] o 35o 331 © 30S SE 
2 NEbyEo wo go oo 7©0 clo 4 o iS} SEbyE 
p_ mw — — _ ! — 
z > ENE |o 15 o 19]o 20] o 2210 22]o 23/ © 26) ESE 
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The Uſe of this Table. 


Wn you would obſerve the Altitude of the Nortb-Star, mark as near as you 
may upon what Point of the Compaſs. the former Guard of the Little Bear is : 
Bur if the Star be not upon a juſt full Poine of the Compaſs, ſtay a while, till ir 
come to be upon one z and chen rake the Height of the North-Star as exactly as you 
can. Then knowing within a Degree or two what Latirade you are in, ſee which 
Latitude in this Table is neareſt thereunto, and uſe that Column. Then find the 
Point of the Compaſs that the Guard:Star is upon in the firſt or laſt Column of the 
Table, and in ths Column under your neareſt Latitude you ſhall find how many 
Degrees and Minutes the Pole-Star is cither above or under the Pole, If the Star be 
above the Pole, ſubtrat the Number in the Table from the Altitude Obſerved, and 
the R2mainder is the Latitude : But if the Stay be under the Pole, add the Number 
in the Table to the Height Obſerved, and the Summ thereof is the Latitude. 


A Table 
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A TABLE of the Proceſſion, or Retrogreſſion of the Fixed Stars, 
whereby their true Places in Longitude ray be known for any time paſt 
or to come. 

P Y Progreſſion . Progreſſion Progreſſum | 
of mages J of the J of the ike 
S | Fixed Stars 2 Fixed Stars &* | Fixed Stars Fixed Star; 
in Longitude. in Longitude. A Longitude. n Longitude. 

— m—_ — ——_—_ Dr — | — — ——— 
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The Uſe of the foregoing Table of the Retrogreſlion and Progreſſion of the 
Fixed Stars iz Longitude. 


I 3 Catalogue of Fixed Stars, before given, has the Places in Longitude exaRtly 
. Calculated for the Year of Chriſt 1671 : And although the Table will ferve 
( without any ſenſible difference ) for many Years before and after 1671, becaufe 
in 6: Progreſſion in Longitude is but ſmall, namely but one Degree in 52 Years ( as 
this Table apparently ſhews, ) yet, being I have framed Tables tor the finding of the 

rue 
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true Places of the Sun and Moon in Longitude, tor any time paſt or to come, I held 
** Convenicnt to do the like for the Fixed Stars : And how to effe& ir by this 7 able. 


this is the RULE. 


The Radix of the Table being for the Vear 1671. If you would find the 
truc Place of any Fixed Star #n Longitude for any Tears paſt ; ſubtrat? 
the Years from the Radix 1671, and you ſhall find the Difference, — 
But if the Star's Place be required # any Nears to come, ſubtrad the 
Radix 1671, from the Year propoſed, and the Difference ſhall give you 
the Interval or Space between the time propoſed and the Radix. — With 
which Interval ( or Nifference ) enter this Table, and find the Retro- 
ceſſion or Progreſſion of the Star in that Interval ; which being added 
to, or ſubtrated from, the Longitude found in the Catalogue, ſhall 
give you the true Place of the Star in Longitude for the Year pro- 


poſed. 
Example 1. Let it be required to find what was the true Place of Aldebaron ( or che 
Bull's Eye ) i» Longicude in the Near of our Lord 515. 


From the Radix 1691 ſubtract 515, the reſidue 1156 is the Interval of Years be- 
eween the time propoſed and the Radix; the Rerroceſſion whereof I colle& from this 


Table in this manner, | 
D. M. S. 


Year. D. M. S. 
1000(Y13 533 ?53(YPlace of Aldebaron 1671 65 12 

; 30 
eb = rob pee of in 1156 Years, ſubtra&t 7 16 03 25 
1156 | 16 03 25 Place of Aldeharon, Anno Chriſti 515. 49 09 og 


That is in 19 deg. 9 min. 5 ſeconds of Tawrae. 


Example 2. Let the Place of Aldebaron be required for the Near 1910, 


From the Year given 1910, ſubtrat the Radix 1671, the Difference 239 is the 
Interval ; which colle& from this Table, and add ic to the Radix in this manner, 


Year. D. M. S. Wo 2.7 
w3 $ 2 46 #1d Place of Aldebaron 1671 65 23 306 
299) o 32 30 j Progreſſion in 239 Years, add 3 19 11 


239 | 3 19 12 True Place of Aldebaron, AnneChriſti 1910. =” 31 4t 
That is, in $ deg. 31 min. 41 ſec. of Gemini. 
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Proeem. 


Oncerning this Sciographical Art, who was the firſt Inventor thereof it 
( hard to determine : But the fiſt Gnomonical Organ which flands upon 
Record @ Reg, 20. 11. is the Dial of King Ahaz ; whereby the Almighty 
was pleas'd to expreſs a Miracle for the Recovery of King Hezekiah, Elay. 
38. 8. and moved the Babyloniſh Ambaſſadors, 2 Chron. 324.31. to exquire of 
the Wonder which was done in the Land. What kind of Dial this was is alſo 
uncertain, but Authors generally ſuppoſe it to be either a Convex or ( rather ) Con- 
cave Hemiſphere, thoſe being afterwards Dials familiar among the Chaldeans. 
Some there are who crown Anaximenes, the Lacedemonian, with giving the firſt 
breath to this Science. It crept into Romelater, ( but after a rude manner ; ) for 
Accenſus the Conſul determined only the Noon-tide, and that only in ſerene 
Days : And no farther Light had they, till the Conſul M. Val. Meſlala beautified 
a Column with a Dial #ear the Roſtra, as Varro relates. The Invention of the 
excavated Hemiſphere is attributed to Beroſus, the Chaldean, after the taking of 
Catana in Sicily : But others attribute it to the witty Samian Ariſtarehus, as firſt 
ſhadowing out the Hour-Lines on a Plain. Tet ſure, the Scaphe or Concave 
Hemiſphere was in uſe before his time, for Eratoſthenes, before him, determined 
by Shadows ſome Celeſtial ard Terreſtrial Diſtances 5 but upon what kind of 
Superficies is not ſaid. And now, fince both the firſt Invention and the Inventor 
_ of this moſt Celeſtial Science are buried in oblivion, I ſhall in this following 
Tractate expoſe to publick view, in what luſtre it is in this our Time arrived unto. 


Qqqq 2 Arithme- 
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Shewing how to deſcribe the Hour-Lines, Stile, Subſtile, Meridian, Horizon, ec, 
wor all ſorts of Dial Plains, by Trigonometrical Calculation 3 deduced from 
the Sphere it ſelf, it being Projefted in Plano, ſuitable to any Horizon 3 In 

which Projection, all ſuch Spherical Triangles as appertain to the finding of 
the above mentioned Requilites, are diſcovered and reſolved. | 


N che Third Book of Pradtical Aſtronomy, in the firſt Part thereof, I have largely 
treated of the Dodtrine of the Sphere, and of the Circles thereof, and to what uſes 
cach of them is appropriate : And in the Second Part of the ſaid Third Bock, [ 
have tteated of the Dottrine of Spherical Projefticn, ſhewing how to Projet? the 

Sphere in Plano upon any of the Great Circles thereof. Alſo in the Second Part of the 
Fourth Book of Trigonometry I have ſhewed how the Dofrine of Spherical Triangles is to 
be performed by Spherical Projection, in both which the Reader ought ( ar leaſt in 
ſome meaſure ) to be acquainted, before he enter upon the Praftice pf this Treatiſe 
. for ſo ſhall he find what is herein delivered very familiar and cafic : And therefore 
I fhall ay nothing of either of them in this Place, but proceed to the matter in hand, 
277. Dialling; and that by Trigonometrical Calculation. 


—. 
— 


CHAP. I. 
Of the ſeveral ſorts of Dial Plains. 


A Dial may be drawn upon any Plain Superficies in any Latitude, and the 
Hour Lines {0 drawn are Great Circles of the Sphere, but being projected upon a 
Plain Superficies become (treight Lines. 

Now all Plains arc {ituate in one or other of theſe Three Poſitions, in refpett of 
the Horizon of the Place wherein the Dial is made, for all Plains are cither 


P ar allel 
Perpendicular & To the Hbrizon of the Place. 
Oblique 


1. Parall] to the Horizon: ( or Level thetcunto) and ſuch ate called Horizend 
Plains or Das. 

2. Perpendicular to the Horizon ( or ered thereunto ) and ſuch are all Plains ( or Di- 
als ) ſtanding againſt any upright Wall or Building ;, and thele are of two ſorts, cither 
Dire or Declining. For, ( 1. ) If the Walt or Plaiz doth dircitly behold the truc 
Eaſt, Weſt, North, or South Points of the Horizon, the Dial made%pon ſuch 'a Plain is 
called an Ere& Diref#, Eaſt, Weſt, North or South Plain, But (2. ) If the Wal! or Plain 
do not direftly reſpect one of theſe four Cardinal Points of the / {ortzon,then it licth open 
to Two of them, for it muſt neceffarily lic open to the Scuth and the Eajt, or the 
a_ _ _ Te and nog « is denominated, and called an Free South 

n, accuning Eaſt or Heſt ; but it it lie open tothe Nerth, and Eaft. or 34, it is 
called an Ere& North Plain declining Eaſt or FP ; 4 
3. 0b 
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> "blizue, (of Reclining from the Zenith, or Inclining ro the Horizon, ) and theſe 
417 are of rwo forts, namely, direct — or Declining and Reclining : For if the 
R-clining Plain do lic open to the true Eaſt, Weſt, North, or South points of the Horizon, 
then it is call'd a direft Eaſt, Weſt, North or South Recliner ; bur if it lie open to (or 
4 behold ) the South-Eaſt or South-Weſt, the North-Eaſt er North-Weſt, it is then 
called a Reclining Plain, Declining from the North towards the Eaſt or Welt: Or a Re- 
clining Plain, Declining from the North towards the Eaſt or Weſt. 

Theſe Reclining Plains are beſt repreſented by the Roof of an ordinary Houſe, as the 
Tiling; and of theſe I ſhall hercatter call chole Recliners, whoſe upper faces behold 
the Zenith of the place, as the Tiles of all Houſes do; and the under faces of them, 
which reſpe& or look down to the Horizon, 1 call Incliners. | 

According to this deſcription, the number of Dial Plains are 25, which T ſhall re- 
duce to 17, by ſupplying of the Unclining Plains with the hours of the Reclining 
Plains oppoſite to them, for they are indecd the ſame Examples, of all which 17 Ya- 


 rieties ſhall follow in due place. 


— ——— 


| CHAP. IL 
How to find the Declination and Reclination of 4 Plain. 


Aving in the foregoing Chapter, given you an account of ſuch Plains and their 
Pofurons, upon which Dials are uſually made; it will be neceſſary, before you 
can deſcribe Hour Lines, Cc. upon any Plain propane firſt, to know the quantity 
of its Situation z that is, (1) whether ir be truly Horizontal; (2) or whether it be tru- 
ly Perpendicular to the Horizon, (3) ot whether it do Recline from the Zenith, and 
Incline to the Horizon; (4) or whether any ſuch Plain do direQly behold the true 
North, South, Eaſt, or We$ points of the Horizon; and ifthey do not, (5) to find how 
much they dezaate, or decline from either of thoſe Four Cardinal points, and 
which way: And to find all cheſe, ſhall be the work of this Chapter. But before 
the Declinatios of a Plain can be attained, there are requited two Obſervations to be 
made at one inſtant of time, when the Sun fſhineth upon the Planz and thoſe 
never after the hour of 10 in the Forcnoon, nor before 2 in the Afternoon, but the 
earlier in the Morning, or later in the Evening are the beſt times: The firſt 1s to find 
the Hrizontal Diſtance of the Sun, from the Pole of the Plainz the ſecond is of the 
Sun's Alntude, thereby to get the Azimuth ;, theſe two Obſervations, as I ſaid before, 
ought to be made at one inſtant of time, as near as may be, that the parts of the 
work may agree together the better, and may beſt be done by rwo perſons; one to 
take the Sun's Altitude, and the other the Horizontal Diſtance. 


$ I. For the Horizontal Diſtance of the Sun from the Pole of the Plain. 


A” ly one edge of a Quadrant to the Plain, fo that the other may be Perpendicu- 
fat toir, and the Limb of the Puadrant towards the Sun, and hold the whole 

uadrant, patallel to the Horizon, as ncat as you can conjeure: Fhen holding a 

bred and Plummet at full liberty, to that the ſhadow of the Thred may paſs both 
through the Centre and Limb of the Quadrant ; and carefully then obſerve what de- 
grees of the Limb are cut off by the ſhadow of the Thred, numbring them (always) 
trom that fide of the Quadrant that ftandeth Perpendicular from the Plain; for thoſe 
degrees ſo cut by the Shadow of the Thred, are the degrees of the Sun's Horizontal Di- 


Jlance from the Pole of the Plain. 
$ IT. How to obſerve the Sun's Altitude. 


Ake your Þuadrant in both your hands, laying your Right Hand ſomewhat near 
| that {ide which hath the Sights, and your Lefr Hand towards the other fide; by 
which mears you may let it flip lower, or raile it higher, as occaſion requires. 
Then turning the left tide of your Bedy to the Sun, moye the Duadrant up and 


down, till the Sun,ſhining through that Sight which isnexe the Centre of the Saran, 
o 
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do caſt its Ray, or Beam of Light, upon the Hue of the other Sight, the Thred and 
Plummet, all this time, playing ar tree liberty ; and then look in the [mb of the 
@uadrant, what degrees and part of a Degree, are cut by the Tored, tor thole degrees 


are the degrees of the Sun's Altitude at that time. 


By help of theſe two Obſervations, the Declination of any Piain may be attained at any 
time of the day, and any time of the year : But firſt 104 mujt findthe Sun's Azimuth from the 
Neth or South for the ſame tame z, and to find it ſhail bc taught in the following Sefticn, 


$ II To frd the Sun's Azimuth at any time of the day. 


T H E Sun's Azimuth may be found ſeveral ways raught already Is this Book, as by 
| the Celeſtial Globe, Book 3. Part 1. Prob. 18. by ſeveral S, herical Proeftions, 
and by proieffing of the Sphere in Plano, as in Book 3. Part 2. and in divers other 
' places of Book 4 and 5. But the way which will here deliver, ſhall be by Trigenome- 
trical Calculation, becauſe my intent in this VIII Book, is to apply the Dedtrine of 
Spherical Triangles to praftice in Dialling, and retolving ot Problems to that Art 
belonging. 

% Sun's Azimuth is form'd by the XI of Olygue angled Spherical Triangles. 

Example. Upon Monday the 14th of April, 1699. in the Morning, I was required to 
take the Declination of a Plain, whereon to make a Dial, in London, whoſe Latitude is 
31 Degrees, 32 Minutes. : 

Firſt, I appli-d the fide of my Quadrant to the Plain, horizontally, and found the 
Horizontal Diſtance of the Sun from the Pole of the Plain to be 70 degrees Eaſtward of 
the South; and at the ſame time, the Sun's Altitule I obſerved to be 27 deg. from 
whence I compute the Sun's Azimuth as followeth. | 

Firſt, By the Interſection of the Arches of three Great Circles of the Sphere ( as is 
at large declared, both in the III. and IV. Books foregoing ) is conſticuted an Oblique 
Angled Spherical Triangle Z © P, ſuch as you ſee in the following Figure, in 
which there is given the three ſides, viz. (1) Z P, the Complement of the Latitude 
38 deg. 28 min. (2) Z ©, the Complement of the Sun's Altitude obſerved, 63 deg, 
(3) © P, the Complement of the Sun's Declination, ( or the Sun's Diſtance from the Ele 
wated Pole ) 76 deg. 56 min. And it is required to find the Angle at Z, which is 
the Sun's Azimuth trom the North part of the Meridian: Which to perform, add 
the three /ades rogether, and find the ſumnm of them. Then, from half that ſunn 
take the Complement of the Sun's Declinatton, and note the diticrence, as is here done. 


a7 Deg. Mzn. : Deg.Mi. 
; atitude,  . 8 28 
4" 4 ig Sun's Altitude, 257 00 \ ts Comp. | Fo 00 

ES, Sun's Declination, Nv. 13 o4 70 y6 


Their Summ, | 178 24 
The half Summ, 8g 12 


The difference between the Complement of the Sun's Declination p >” of 


and the half Summ. 
Being thus prepared, the Sun's Azimuth may be found by theſe two Analogzes following, 


(1) As Radius, s. go deg. 10.09900 
Is ro the Sign of Z ©, the Co-Altitude 63 d: oo'. 9.94980 
So 1s the Sign of Z. P, the Co-Latirude, 38 d. 28 m. 9.70303 
Tothe Sign of 33 d. 39 min. — — 14.74371 
2) As the Sipn of 33 d. 2g min. Co-Ar. ——_ nm .256 
Is to the Sign of the half Summ, 8g d. 12 m. —— part 
S0 15 the Sign of the Difference 12d. 16m. — —— 9 $2720 
| To this Sign, _ — 19 50352 
The half whereot is 9.79170 
W hich 
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hich is the Sign of 38 deg. 15 min. whoſe Complement 51 deg. 45 min. 
Os doubled, is 103 deg. Jo min. which iz che;Sun's Az:muth from the Nerth part 
of the Meridian: Wherfore its Complement to 180 deg. being 76 deg. 39 min. is 
the Sun's Azimuth from the South: And the Complement thereof go deg. viz, 12 
deg, 39 min. isthe Sun's Azimuth: from the, Eaſt, it being in the Forenopn that the 

Obſervation was madc. hace: 4 PAY 
Another way to Calculate the Sun's Azimuth. 


Take half the difference berween the Complement of the Latitude, and the Com- 
plement.of the Altitude, and add it to half the Complement of the Cun's Declination ; 
ind alſo ſubtra& it from the ſame, noting the, ſumm and difference. Which done, 


Sun's obſerye this 
| KVULME 


To the Complement Arithmetical, of the Signs of the Co-Latitude and Co-Altitude ; Add the 


Signs of the Summ and Difference before found : Half that Summ ſhall be the Sign of half the 


Azimuth from the North. 
As in the foregoing Examples. 
D. M4. | 

Co-Lat. 38.28 Z. P, Co-Laticude 38 d.'28 m. Co-Ar. 0.20616 
Co-Alt. 63.90 Z ©, Co-Altitude'63d.,” 009. Co-Ar. — 0.05012 
— Sign of the Summ 50.44 — 9.88885 
Difference, 24-32 Sign of the Differ. 6.12 ———  — 9.64493 
half Differ. 12.16 " . TheSummofall, 19.79206 
+ Co-@d. 38.28 2 BT" © The half, ' : 9 503 
| — Which .is the Sign of 51 deg. 4s min. and is the Sun's 
Summ 50.447} Aximuth from the North part of the Meridian, as in the former 

Difference, 26.12 5| Example. | | 


| | $ IV. To find the Plain's Declination. 


Aving found the Sun's Azimuth from the South part of the Meridian ( for that 
is the moſt Convenient ) then by comparing the Azimuth and the Horizontal 
Diſtance together, you may find the Plain's Declination by theſe following Rules. 

Rule 1. When you make your Obſeryation of the Sun's Horizontal Diſtance, mark 
whether the Shadow of the Thred do fall berween the South, and that fide of the 
Buadrant which is Perpendicularto the Plain : For, 

1. If the Shadow fall berween them, then the Horizontal Diſtance and the Sun's 
Azimuth added together, do make the Declination of the Plain, and in this caſe, 
the Declination is upon the ſame Coat, whercon the Sun is; i. e. if the Sun be Eaſt- 
To « un South, the Plain declines Eaſtward : If Weſtward, the Plain declines 

eONEFAard. 
| 2. If the Shadow fall not between the South, and that fide of the Buadrant which 
1s Perpendicular to the Plain; then the Difference between the Horizontal Diſtance and 
the Sun's Azimuth from the South, is the Declination of the Plain: And in this caſe, 
if the Azimuth be the greater of the two, then the Plain declineth to the fame Coaf? 
Whereon the Sun is: Otherwiſe, if the Horizontal Diſtance be the greater of the two, 
then the Plain declineth to the Coaſt, contrary to that on which fs Sun was, at the 
time of Obſervation. | 

Rule 2. Note here farther, that a Plain Declination thus found, is always accoun- 
ted fromthe South; and that all Declinations are numbred from cither the South or 
North, towards either Eaſt or Weſt, and muſt never excced go degrees: Wherefore, 

F- If the number of Degrees of Declination do exceed go deg. take the 
relidue of that number ro 180 deg. and that ſhall be the Declinatios of the Plain from 
the Nerth, towards that Coaſt whereon the Sun was: But, 

2. Ifrhe number of degrees of Declination doexceced 180 deg. then the exceſs aboye 
180 deg. arc the degrees of the Plain's Declination from the North, towards that Coaſt 
Wich is contrary to that whereon the Sun was at the time of Obſeryation. 


Example 
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EE aa, 


Example is the formentioned Obſervation, | 


Upon apicce of Paper, or Paiſtboard, draw a Line, as A C B, repreſenting the 
Dial Plain, and upon C, with 60 deg. of your Scale of Chords, deſcribe the Semicir- 
cle AD B; then when the fide of your Guadrant C B was applicd to the Plain, 

the ſide C D was Perpendicular thereto, and holding up your Thred and Plummer, 

you found the ne of the Thred to paſs through 70 deg. of your Quadrant, where. 
fore take 70 deg. out of yout Chords, atid ſet thema from D to a, and draw the line 

C 2 ©, for the line of the Sun's Axzmuth from the Perpendicular line of the Plain, ar 

the time of Obſervation. Then (at the ſame time taking the Sun's Alttude ) you 

hereby, by the III. Set. hereof, find the Sun's Azimuth to be 76 deg. 30 min, 
from the South; therefore take 76 deg. 3o min. and ſet them from ato b, and 
draw the LineCbS; ſo ſhall the Line C bS be the Meridian line, and b the South 
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Point of the Horizon: Now, if you take go deg. and ſet them from þ to c, and 
draw the Line C c E, that point c ſhall be : = Eaſt point of the Horizon, and the 
Line CcE, the Line of Eft and Wef#: The Scheme being thus drawn, you may 
ſee that the Line of ſhadow docs not fall between the Line C b S the South, and the 
Perpendicular CD; wherefore, (by the ſecond part of the firſt Rule before oing) 
the difference berween the Azimuth and Diſtance ( which is 6 deg. 39 min. ) is the De- 
clingtion of the Plain: And allo, becauſe (by the ſame ſecond part of the ſame 
Rule ) becauſe the Azimuth is the greater of the two, the Plain declines to the ſame 
Cooſt ro that whereon the Sun was at the time of the Obſervation, which is Eaſtward, be- 
cauſe the Obſervation was in the Forenoon : So that this Plain muſt be called, An up- 
right Plain, declining from the South, tewards the Eaſt, 6 des. 30 min. And ſo it ap- 
pears by the Scheme, where you ſcc, that the Line A C B, repreſenting the Dal 


Plain, 
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Plain beholds S the South, and E the Eaſt Points of the Horrzon the North and Weſt 
Points being on the back part thereof, as appears by the foregoing Figure. - 


, $ V. To find the Reclination of @ Plain. 


N the foregoing Figure, let AB CD, being the Roof of the Building PLRX, 
] repreſent a Reclining Plain. Firſt, draw thereon an Horzowal Line, which 
may be done by anordinary Level; or by applying a Ruler to the Plain, letting one 
hold the Ruler ſo to the Plain, till you find by the edge of the 2uadrant applicd ro 
the Ruler, the Line and Plummer to fall juſt upon the edge of the Puadrant; then 
draw a Line by the fide of the Ruler, as EF; and that ſhall be the Horizontal Line 
ofthe Reclining Plain AB CD. + 

Secondly, To this Horizontal Line E F, draw another Line at Right Angles thereto, 
x the LineG H;, to which Line, apply the {ide of a Ruler M N, and towards that 
 endofthe Ruler which hangeth over t . 
letting the Thred and Plummet have free liberty to play by the ide of the Quadrant; 
and when it reſteth, note what degrees of the Luadrant the Thred reſterh upon, for 
thoſe degrees counted from the {ide of the Ruler, are the quantity of the Plain's Re- 
clination. The manner of the work of this Chapter, will belt appear by the fore- 


going Figure. 


CH AP. II], 


How to know which Pole, whether the North or the 
South, 7s to be elevated over any Dial Plain, in any 


Poſttion. | 


RE Stile of every Dial, repreſents the Axzs of the World, and therefore the two 

ends thereof mult direftly reſpeft the rwo Poles of the Horld: And therefore, 

if che South Pole be elevated above any Dial Plain, a Dial made on the Back-ſide thereof, 

muſt have the North Pole/elevated above it: And-to know which Pole is to be cleva- 
tcd over any Plain, oblerve theſe few I 


General RULES. 
1.0 uu the Horizontal Plain, in North Latitude, the North Pole; in South Latitude, the 
e 


South Pole. 
2. Upon all Ere& Plains, whether dire or declining, if the Plain lie open to the 
South, the South Pole is clevared ;, bur if it behold the North, the Nerth Pole 1s elevarcd. 
3. Upon dirett Eaſt or Weſt Plains, Reclining, (how far focver,) the North Pole is 
elevated: And upon the' Eaſt and Weſt Inchners oppoſite tothem, the South Pole. 
4- Over all North Reclining Plains, (whether dire or declining) the North Alole is cle- 
. vated: And over the Inclining Plains oppoſite to them,the South Pole is clevated. 

5. Over all South Reclining Plains, whether dire or declining (if the Plain paſs be- 
tween the Zenith and the Pole) the Axis of the Stile muſt have reſpe& to the South Pole - 
Aud on the [nclining Plain, oppoſite to them, the North Pole. Bur it the Plain pals 

ween the Horizon and the Pole, the North Pole; and. on the Incliners oppolite to 
them, the South Pole mult be cleyared. 


e Plain, as N, apply the fide of a 2uadrant, 
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Of an Horizontal Projedion, pon which any Dial 
Plain may be deſcribed ; and all the Requiſites belong. 
ing to any ſuch Plan, found out Geometrically, and al. 
ſo by Trigonometrical Calculation. 


F "OR the better underſtanding of what I have hitherto delivered concerning the 

ſeveral ſorts of clams, upon which Dials may be deſcribed : And alſo how to 
find in what poſition any Plain is ſituated, in reſpect of Decimarion or Reclination, or both. 
I baye here inſertcd a Figure or Scheme, which ] ſhall hereafter call ; 


The Fundamental Diagram. 


Which is no other then a Projeftion of the Sphere upon the Pain of the Horizon 
of London, whoſe Latitude is 51 deg. 32 min. upon which T have defcribed every 
ſeveral Plain before mentioned; and ſhall, (when I come to the conſtruction of tuch 
or ſuch a Dial) ſhew what Linc or Circle upon the Fundamental Diagram do repreſent 
that Plain; and alſo what Spherical Triangle, (or I riangle.) is produced by the inter- 
{eftions of other Great Circles of the Sphere, with the Line or Circle repreſenting the 
Plain, from whence all the Requiſues, rclating tocycry Plain, may be tound by Trige-* 


nometrical Calculation. 


— Jc__ 


{© HAT.YF 
How to find the diſtances of the Hour-Lines upon 


an Horizontal Plain. 


T His Plain is repreſented in the Fundamental Diagram, by the outward (or Primitize) 

Circle thereot, NW S E, whercin Z is the Zenith, and Pole of the Plain, there- 
forc, if a Ruler be laid to Z, and to the ſeveral Points, 3, 2, 1, 12, 11,10, &c. where 
the Hour-Circles do cut the Plain, right Lines be drawn, thoſe ſhall be the rrue Hour- 
Lines of an Horizontal Dial, for the Latitude for which the Fundamental Diagram was 
made; viz. for London, whoſe Latitude is 51 deg. J2 min. repreſented by rhe Arch 


of the Mendias N Þ. | | ; | 
The Arithmet1ical or Trigonometrical Calculation. 


For the making ofan Horizontal Dial, there is nothing required to be given, but 
the Latitude of the place for which the Digl is made, which is here repreſented by 
NP 51 deg. 32 min. Now the Hour Lines in the Fundamental Diagram mccting al- 
together in Þr e Pole, do cut the Primitive Circle N W $ & in uncqual parts in thc 
point 1, 2, 3, 11, 10, 9, Oc. but make equal Angles at the Pole; and do conftimne 
ſeveral Right Angled, Spherical Triangles, as N Þ 11, in which is given (1) the 1ide 
P N, 51 deg. 32 min. the Latitude: (2) the Angle NP 11, 15 & 7. the /Equinddtial 
diſtance for one hour: (3) the Right Angle at N, to find the fide N 11. 


Thus, 
As the Radius, go deg. - — ——— — 109 
Is ro the Sign of the [atitude NP 51 deg. fl mon OOO 9.893544 
So is the Tangent of NP 11, 15 deg. tor 1 hour, — — _ 9 420052 
Tothe Tangent of the ſide N 11, 11 deg. 51. — ——— 7x9.321590 


This 11 deg. 51 min. is the true Hour-diſtance of the hours of 11 or 1 a Clock, 
from the /eridean upon the Dial Pluin : 
V here- 
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Wherefore, make a Table, as this following ; 
In the firſt Column whercot fect the Hours rt ; 
1 order from Nn, as It, 10, 9, 8, 7, and Latitude 51 deg. 42 man, 
I, 2, 3» 4, 5» 05 and againſt them i the ſecond EX on 
Column, fer the Equineetial diſtances, allowing | Fo True H. 
15 deg. tor One hour, 30 for two hours, 45 fot Hours E;uino- diſtance | 
three hours, 2c. Then by the former propor- from etal qi- | on the 
tion, che firlt hours diſtance being tound 17 d. | Neomw. | flances. Plain. | 
51 m. fer that 1n the third Column againſt 11 
and 1. Then De. Mi. | Dez. Mi. 
| - 12 |oo o0|00 co 
As Radites, — I 0.992209 1 il is oof FA 
Jo | : 10 2 | 39: 00 | 24 Ih 
þ; to HENg of (EE p oBO7346 RR: colt 
Do Paracn 8 P 10, 0781459; | 4|0 02|53 36 
$ is the Tangent of 39 deg. Io, 9.761439 _— a. 
To the Tangent of 24 deg. 19 min. x9.654483 | 6 go O91 50 CO 
Which is the ſecond hours diſtance upon the 
Plain, namely of 19 and 2 a clock; which fer in the third Column of the Table; 
| The Geometrical Projettion of this Dial. Fig 


Firſt, Draw two ſtreight Lines, A B for the Meridian, and Hour Line of 12, andD F 
for the hour of 6G; croſſing each other at right Angles in C, for the Centre of your 
Dial. Upon the Centre C, with 6o deg. of the Scale of Chords, deicribe the Semicircle 
DEF; then Jay your Table before you, and out of your Scale of Chords take 11 deg, 
51 min, and fer them upon the Semicircle both ways from E, for the hours of 11 
and 1 a clock: Likewite take 24 deg. 1g min. and ſet them on both {ſides from E, 
for the hours of 10and 2: Allo 38 deg. 3 min. for the hours of gand 3; and fo of 
thereſt. Through thete Points Sand the Centre C, draw ſtreight Lines; and they 
ſhall be the true Hour-Lines upon your Plain, from 6 in the Morning till 6 at Night, 
which number as you ſee done in the Figure. And for the other four hours, »iz. 
4and 5 inthe Merning, and 7 andB at Night, they arc drawn by extending the - 
heurs of 4 and 5, and of 7 and 8, through the Centre. 

Then tor the Siule-of your Dial, take 51 deg. 32 min. from your Scale, and ſet it 
from E to G, and draw the Linc C G for the Sile of your Dial, which muſt be placed 
upright upon the Hour-Line of 12; and fe is your Dial finiſhed, which you may 
draw into any Form, Square, Round, Oyal, or what other Figure you pleale. 


> — 
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C H AP. VI. 


How to find the Diſtances of the Hour-Lines upon an Ereft 
Dire South or North Plain. 


T Hele Plams in the Fundamental Diagram are repreſented by the Right Line WZE, 

the upper part relpecting the North. Pole, and the lower Part reſpecting che 
Suth; and the Four-Circles in the Diagram, which all meer in P, the Pole, do crots the 
Plan W ZE inthe Points 6, 5, 4, 2, 2, 1, and 11, 1o, 9, 8, 7,6. The Poles of 
theſe Plains are N or S, tocither ot which Points if you lay a Ruler, and to the ſ& 
veral Points where the Hour Circles croſs the Plain, and make marks upon the outer 
Peripherie ofthe Fundamental Diagram; thole Diſtances ſhall be the true Hour-Diſtances 
tobe ſet upon the Dial Plain; and the Arch of the Meridian, P Z,,berween the Pole and the 
Plain, equal re the complement of the Latitude, is always the height of the Stile or | 
Pole above the Plain. 


Rrzcts The 


Cursus MaTHEMATICUS. 


Book VIII 


Fig. II. 


Fig. Ill 


The Trigonometrical Calculation. 


For the making of theſe Dzals, thete is nothing requir'd ro be known, bur the 
Latitude of the place in which the Dzal is to ſtand and that in the Fundamental Di. 
gram is repreſented by the Arch of the Meridian N P, 51 deg. $2 min. and the Com- 
plement thereof by the Arch Þ Z, 38 deg. 28 min. which isthe herght of the Pole of 
Stile above theſe Plains. : 

Now the hour Circles in the Fundamental Diagram meeting in Þ, the Pole, and jn- 
cericting the Plain W Z E inthe points 5, 4, 3, 2 and 1, do conſtitute ſeveral Riphr 
Angled Spherical Triangles, as ZP 1, 15 deg. ZP 2, 39 deg. Gc. in which Tri. 
angle Z.P 1, there is given (1) the Right Angle at Z, ( 2) theSide ZP, the Comple- 
ment of the Latitude of the place, z38d. 28m. (3) the Angle 1 PZ, 15 deg. or he 
hour's diſtance from the Meridian. To find the Side 1 Z, or Z 11, ( which are 
both cqui-diſtant from the Meridian, ) by this Analogy : 


As Radius go deg. m_ 19.90009 
Is ro ÞP Z. the Co-Latitude 38 deg. 28 min. — — 9:79383 

. So is the Tangent of 1 P Z, 15 dc. \ —— 9 42805 
 Tothe Tangent of the fide 1 Z, 9g deg. 28 min. . 29.22188. 


Which 9 deg. 28 min. is the diſtance of the hours of 1 and 11 from the Meridian 
N. S. upon the Plain, and will be found by the foregoing Proportion to be ſuch as 
this Table exprefleth. 


Co-Latitude 38 deg. 28 min. 
aias-- Trae Hh. 
Hours. | &taldiſt. | diftance. 
De. Mi. j De. Mi 
12 00 o0|co ®co 
[ 11|15 o9| 9 28 
2 10139 00j1g 45 
3 and 9|45 00:31 53 
4 8160 oo[479 B 
5 7]75 00]66 42 
(s) l 0 00][92 OO 

, The Geometrical Projection of theſe two Dials. 


I. For the South. 


Firſt, Draw a Perpendicular Line OM, repreſenting the Meridian and Hout Line 
of 12, and another Perpendicular thereunto for the Hour-Line of 6, as N ÞP, in- 
rerſeing each other at O, the Centre of the Dial. | 

Secondly, Upon O, deſcribe the Semicircle N Q P, with the Scale of Chords, 
and laying your Table before you, take g deg. 28 min. outof your Scale,and fer them 
from Q upon the Semicircle, both ways; for the points of the hours of 1+ and 1. 
Alſo, take 19 deg. 45 min. and ſet them always from Q , for the points of the hours 
of 10 and 2, and fofor all the reſt, as you find, by your Table, their diſtances to be 
trom the Meridian. 

Then Laſtly, Take 38 deg. 32 min. the Complement of the Latitude from the 
Scale of Chords, and ſetthem trom Q to R, and draw the Line O R for the Stile of 


the Dial, which muſt ſtand upon the Hour-Line of 12, and muſt point downwards to 


efc South Pole, and ſo is your Dial finiſhed. 
| IT. For the North Dial. 


The Neth Dial isthe ſame with the South, only the Stile muſt point upwards to- 
wards the North Pole, and the Hours about Midnight; as 9, 10, 11, at Night, and 


1,2and 3 in the Morning muſt be left out; and 4and 5 in the Morning, and 7 
and 8 at Night, muſt be drawn through theCentre, as in the Horizontal Dial; and 
ſo 1s your Dial finiſhed. | | 


CHAP. 
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CHAP.-VIE 


How to deſcribe Hour-Lines #pon a Dire Eaſt 
or Welt Plain. 


'T Heſe Plains are repreſented in the Fundamental Diagram by the Line NZ S, 
which paſſcth dire&ly through P,the Pole of the World, and therefore the Pole 
hath no Elevation above theſe Plains; and conſequently the Dial will have no 
Centre, but all the Hour Lines will be parallel one to the other : But Dials may be 
drawn upon ſuch Plains by the following DireCtions : 

The Geometrical Conftruttion of theſe Dials, 

Let ABCD be a Dial Plain, upon which you would draw an Eaſt ot eſt Dirc& 

ial. | 
w 1. Upon che point C, at the lowermoſt corner, if it be an Eaſt Dial, or upon the 

int D, at the other lowermoſt Corner, if it be a Weſt Dial, with 60 d. of your 
Fine of Chords deſctibe an obſcure Arch of a Circle E F z then from the {ame Line 
of Chords take 38 deg. 28 min. the Complement of the Latitude of the Place (which 
is alſo the Elcvation of the EquinoCQtial above the Horizon ) and ſet thar diſtance 
upon the Arch from E to F, and draw the Line C F quite through the Plain, which 
Line ſhall repreſent the EquinoCtial Circle. : 

2. That you may the berter proportion your Stile to your Plain, and thar all the 
Hours may come on, and be at a convenient diſtance one from another, afſume two 
points in the Equinottial Line, one rowards the end C, for the hour of 11 in the 
Eaſt Dial ( or of 1 in the Weſt Dial ) as the point G, and another towards the other 
end thereof, for the hour of 6, as the point H; and through theſe _—_— Gand 
H, draw two Lines at right Angles to the Equinottial Line, for the Hour Lines of 
XI and VI a Clock. | x: 

3. Upon the point G with 60 d. of the Line of Chords deſcribe art obſcure Arch 
of a C rcle ( below the Equinottial Line ) as I K, ſferting thereon 15 d. of your Line 
of Chords, troml to K, and draw the obſcure Line G K, extending it till it cur the 
Hour Line of VI in the point L; fo ſhall the diſtance L H be the height of the per- 
pendicular Stile proportioned to this Plain. | 

4. Open your Compaſſes to 60d. of your Line of Chords, and ferting one foot in 
the point L ; with the other deſcribe an obſcure Arch of a Circle M N, between the 
Hour Line of VI and the Line GL. 

5. Divide the Arch MN into five equal parts (which 15 d. of your Line of Chords 
will do) at the points ©©©©©, and lay a Ruler from E, to cach of theſe points, 
©®©00, and the Ruler ſhall cur the Equino&tial Line C H in the points X**X, 
through which points draw right Lines parallcl ro the Hour Line of VI, as the Lines 
VII « VII, Vil + VIIL, IX + IX, X + X, and they ſhall be the true Hour-Lines 
of an Eaſt Plain, trom Six in the Morning to Eleven before Noon. 

6. For the Hour-Lines before VI, namely of IV and V in the Morning, you ma 
put them on by transferring the ſame Diſtances upon the Equinottial Line before VI; 
as there is between VI, cats the Hour-Lines of VII and VIII after VI, and chrough 
thoſe Points draw Lines parallel to the Hour Line of VI, and they ſhall be the Hour 
Lines of IV and V in the Morning. | 

7. For the Stile of theſe Faſt or eſt Dials, it may be cither a ſtreight Pin or 

Ire pointed, ot the juſt length of the Line H L, fixed in the poine H, or fome 
other part of the Line of VI, perpendicularly to the Plain, which will ſhew the true 
hour only by the ſhadow of the very top thereof, as in the Weſt Dial Figure V. — 
Or, ( which is better ) it may be Phi of Braſs or Iron, of the ſame breadth as is 
the diſtance between the Hour Lines of VI and IX upon the Equinottial, as in the 
Eaſt Dial, Figure 1V 5 which Plate muſt be ſer perpendicularly upon the Hour Line | 
of VI, which ſhall ſhew the hour by the ſhadow of the upper edge thereof; and ſo is - 
your Dial hiniſhed. _ | 
4. would inſert the halfs and quarters of hours into theſe Dials, you may 


cct it, by dividing each ſpace between © and © on the Arch M N, = 


Figure . 
IV and Y: 


8. If 
tally c 
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. Which is the Subſtiles 


four equal parts, and ſo transferring them to the Equinotlia! Circle, as you Gid the 
whole hours. All which may be wegny- ſeen in Figure V. : 

In the making of this Dial you have made two Dials, namely, a Weſt Dia] as 
well as an Eaſt. tor it is the ſame in all reipects as to the Hour-Diſtances, and Height 
of the Stile. Only whereas the Arch EF in the Eaſt Dials (through which the 
EquinoCtial paſſerh ) was deſcribed on the right hand of the Plain, upon the Cen- 
te C; in the Weſt Dial it muſt be deſcribed on the lett hand, upon the Centre, 
and the Honr-Lines of IV, ; VI, VII, VII, IX, X, and XI In the Forenocn on the 
Eaſt Dial, muſt be VIII, VII, Vi, V, IV, IN, 11, and I inthe Afternoon, on the Weſt 
Dial; as the Figure IV and V do evidence. 


——_—C__ 


CH AF; 


How to find the Hour-Diſtances, and the other Requi- 
ſires belonging to an Ere South or North Plain, ge. 


clining Ealt or Welt. 


E T our Example be of an upright South Plain, in the Laticude of 51 deg, 32 min. 
+ declining Eaſtward 3o deg: And ſuch a Plain is repreſented in the Fundamental 
Diagram by the Line f D, the Pole whereof is B. Now the Hour-Circles in the 
Fonda Diagram, mecting in P, the Pole, do cut the Plain C D dividing it 
into ſeveral uncqual parts; if a Ruler be laid to B, - the Pole of the Plain, and to 
theſe ſeveral Interſetions, the points where the Ruler, fo laid, ſhall cut the outer 
Circle of the Fundamental Diagram, ſhall be the Hour-diſtances, and Line 
drawn from Z. through thoſe Points, ſhall þe_the true Hour-diſtances upon the 
Plain : And if you imagine an Arch of a great Circleto paſs through Þ, the Pole of 
the Horld, and B, the Pole of the Plain, that Circle ſhall cur the Plain at Right An- 
ples in the point Y; and fo there ſhall be conſtituted a Right Angled Spherical Tri- 


angle, Z, P Y, Right Angled at Y. 
The Trigonometrical Calculation. 


Before you can calculate the Hour-diftanees for theſe Plains, there are three Re- 
quiſites to be firſt enquired; and all of them are to be found in the Right Angled 


Spherical Triangle P Y 7. right Angled at Y, in which there is given: 


1. Thefide P Z, 38deg. 28 min. the Complement of the Latitude. 
2. The Angle P Z Y, the Complement of the Plain's Declination, 60 deg. 
3. The Right Angle at Y.. 

And by help of theſe the other three Requilites may be attained; which are, 


. The Height of the Pole or Stile above the Plain, repreſented by the ſide Þ Y. 
2. The Deflexion, ( or Subſtzle”s diſtance from the Meridian, ) repreſented by Z Y. 


_— 


yn 


3. The Plain's Ditterence of Longitude, repreſented by the Angle Y P Z. 
I, For the Height of the Pole or Stilc above the Plain ÞP Y. 
As the Radius, YO deg. —— $— — TO.cOO007) 
is co the Co-Sine of the Latitude P Z, 38 deg. 28 min. — 9.79383 
So isrhe Co-Sine of the Plain's Declination P Z. Y, 60deg. ——— 9.93753 
Fo the Signof P Y, 32 deg. 36 min. — —— 1219.73136 
Which is the height of the Pole or Stile above the Plain. $43 
II. For the Deflexion, Subſtile's Diſtance from the Mertdian 7, Y. 
As the Kadivs, go dep. — — | —_ avian fend 
[5 ro the Sign of the Plain's Declination, 20 deg. ——— —— "9.66897 
So is the Co-Tangent of the Latitude Z. P, 38 deg. 28 min. ——  9-G00O 
To theTangent of Y Z., 21 deg. 49 min. — — -— 19.5999 


iſtance from the Meridan. 


| | | I TI. For 
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HI. For the Plain's Difference of Longitude, Y P Z. 


As the Co-Sign of the Latitude Þ Z,- 38 deg. 28 min. 979383 
|; ro the Radius, ; — ———_— 10.c0:00 
| $9 is the Sign ot rhe Deflexion Y Z, 21 deg. 49 man. 19.55736 
To the Sign of Y P Z,, 36 deg 25 min. y 9:77353 


\V hich is the Plain's Difterence of Longitude. 

From the Plain's Difference of Longirude thus found, 'by allowing 15 deg. of the 
EquinoCtial for one hour, and 1 deg. for 4 min. of time; 1t will follow, that the 
Subltile will fall between rhe Second and Third hours from the Meridian ; that is, be- 
tween the hours of 2 and 3 in the Afternoon, if the Plain decline Yeftirard; or be- 
tween 9g and 10 in the Forcnoon, if the Plain decline Eaftward. 


A Table f the Hour-Diſtances 
for a South Dial declining 
32 deg. Eaſt or Wcſt. 


— 


— 


For becaule the Plain's Difference of Longitude |, , of the place, 51.32 


falls between 39 d. and 45 de. (which is the Se- pr” wa 
cond and Third Hour's EquinoCtial Diſtance) D— » nan. 
there will be two Compleat Hours, and 6 deg. 8» 32-3 


25 min. more : Wheretore prepare a Table of Diff erence of Longitude, 36.25 
the Hours firfor the Plain, as is here done in the * | pp,... for | Equino- | The true 
done in the firſt Column of the Table. the | ialth. | Ho. Diſtan- 
Then againſt XII, ſer the Plain's Difference of | | Diſtan- | ces on the 
Longitude 3G deg. 25 min. from which ſubtradt tt < | ces. Plain from 
15 deg. and there will remain 21 deg. 25 min. | ® &F theSubſtile. 
which ſet againſt XI and 1; and from 21 deg. |? FP]_____ 
25 min. tubtrat 15 oy and there will remain | De Mi. 
6deg. 25 min. which ſet againſt X and IL, and ; moe | 
(becauſe it is leſs chan 15 deg.) write the word |]IV VIIL}83 35178 12 
Subſtile over it, and ſubrraft it from 15 deg. and | Y VIl| c8 35 $3 5 
and the remainder 8 deg. 35 min. fer over Sub- VI [53 35136 2 
tile, and againſt che Hours of IX and III; co this | VIE V| 38 35123 16 
8 deg 35 min. by the continual addition of 15 | VII IV|23 35| 13 I4 


deg. you thall have ſuch EquinoGtial Hour-diſtan- | IX JI 35] 4 36 
ces, asin the Table: Which Table thus prepar- Subſtile | 

ed, the next thing will be to find the true Hour |X II| 6 25] 3 28 
diltanccs upon the Plain from the Subſtiles. XI Ij21 25111 56| 

| XII [| 36 25j 21 40 

Xl|y5r 25|34 03 


Il Xj66 25{51 oo 
ill LIX|8r 25174 21 


— ——_ 


# 


IV. Ts find the true Four-diſtance upon the Plain from the Subſtle. 
For which this zs the Proportion. | 


As the Radivs go deg. 19.00000 
[s ro the Sign of the Stile's Height, 32 deg. 36. min. 9:73140 
S0is the Tangent of the ſeveral Equinottial dikances from the Subſtile, [ TO 
as 6 deg. 25 min. : OP 
To the Tangent of 3 deg 28 min. 8.78241 
Which is the diſtance of the Hour-Lines of 10 or 2 a Clock from the Subſtile. | 
| So again, 
As the Radius go deg. — Wi 10.2-000 
Is ro the Sign of the Stile's Height 32 deg. 36 min. 973140 


$0 is the Tangent of the next EquinoRial diſtance, 21 deg. 25 min. _9:59394 
Tothe Tangent of 11 deg. 56 main. 9 


Fig. VI. 


Fig. VII 


——_——— 
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fon that the Pole of the \World will have bur ſmall Elevation above ſuch a 


Which 11 deg. 56 min. is the diſtance of the hour-lines of 11 and 1 of the Clock 
from the Subſtile. 
And according to the Method here preſcribed, you muſt deal with all the Equi- 


nottial Diſtances in the Second Column of the Table; ſo ſhall you find the true Hour. 
diſtances to be ſuch as are exhibited in the third Column from the Subſtile. 


The Geometrical Projettion of theſe Dials. 


Draw a Right Line C D, tor the Meridian or Hour-line XII, and towards the 
top thereof croſs it with another Line A B, ar Right Angles in C; to thall C be the 
Centre of th: Dial, upon which, with Go deg. ot your Chords, deſcribe the Semi. 
circle AH B; then laying your Table before you, take 21 deg. 40 min. (the De- 
AeCtion,or Subſtile's Diſtance from the Meridzan,) and tet it upon the Semicircle from 
Hero E, ifthe Plain decline Weſtward, as in this Example it doth; or towards K. 
if the Plain had declined Eaſtward, and draw the Line C E, for the Subſtilar Eb. 
of your Dial: Alſo take 32 deg. 36 min. from your Scale of Chords, and fer them 
from Eco F, and draw the Line C F for the Az:s, or Stile of your Dial. 

This done, Our of your Table take the retpeCtive Hour-diſtances from a Scale of 
Chords, and ſet them off upon the Semicircle trom E; ſo Lines drawn from C, the 
Centre of the Dial through thoſe Points, ſhall be the truce Hour-Lincs proper for 
the Declining Plain. ; . ve. 
| Now in the making of this South Dial, declining Weſtward 39 deg. you haye 
made four Dials: Namely, 


A South declining Weſt . 30 dep. 
A South declining Eaſt zo deg. 
A North declining Eaſt 30 deg. 
A Nerth declining Weſt 30 deg. 


Only by changing the names of the Hours, and placing the Subſtile on the con- 
trary {ide of the Hine of XII, for the Seuth declining Eaſt Dial. Then if you turn 
theſe two Dials uplide down, you have two Nerth declining Dials, one Eaft, the 
other Weſt 30 deg. the Stile, Subſtile, and Hour-diſtances being the ſame in all four 
Plains, but in the two Nerth decliners, the Stile muſt point upwards, towards the 
Nerth Pole, as the South decliners do downwards, towords the South Pole; and to re- 
move all doubes concerning this matter (which is very material for a Dialliſt co be 
perfett in) I have in Figure VI. drawn the Hour-Lines of the two South De- 
cliners through the Centres, and they produce the two Nerth decliners, only the hours 
before 4 in the Morning, and after 8 at Night arc omitted, the Sun being then under 
our Horizon ; ſothar XII, being drawn _ the Centre, will be XII at Midnieht; 
bur no more of this, for the 1ight of the Figure will work more upon the Fancy 
than a whole Chapter of Information. | s 


_— 


CHAP Is. 


How to draw Hour Lines upon a South or North Plain, 
which declines many Degrecs towards the Eaſt or 


Welt. 


J]* a Plain iha}l be foirnd ro decline many Degrees from the North or South towards 
cither Eat or Weſt; as above 69 deg. although the Reguiſttes may be found, and 
the Uial made in all refpcRs as the former Dial was, in the laſt Chapter, yer : a 

ain, 
the Hour-Lines will fall ſo cloſe one to another, that there will be no com Percent d1- 
ſtance between them, till they be extended very far from the Centre : And there- 
fore, it was the way of the Ancicnts, to draw the Dial upon a large Floor, and cx- 
rend the Hour-Lines, Scile, and Subſtile; to a great length, that to the Hour-Lines 
might be of a convenicnt diſtance 3 and then to cut the Dial of, Stile and all, and 
ſo transtcr it to the Plain. Burt this being roo Mechanical, I will here ſhew a more 
Artificial way how to draw ſuch a Dial Geometrically, by help of a Line of Chords 
only, hayiug no regard tothe Centre of the Lial. Burt, | 1. By 


p— D—_— 
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I. By Trigonometrical Calculation. 
' You muſt find the H_ Namely, ( 1. ) The Height of the Pole, or Sule, aloye 


the Plain. ( 2-) The Diſtance of the Subſtile from the Meridian. ( 3- ) The Plain's Diffe- 
rence of Longitude. All which may be found by the foregoing Analogies or Pro- 


rELON SS» 


Suppoſe therefore an upright Plain, in the Latitude of 51 deg. 32 min: ſhould 
Jefline from the South Eaſtward 85 deg. b 


I. For the Stile's Height. 


As the Radius g9 deg. | "= 
the Co-Sine of the Laticude 38 deg. 28 min. + a + —— 
che Co-Sine of the Plain's ues. 5 deg.- $5 — 


To the Sine of 3 deg. 6 min. che Height of the Pole or Stile — 873413 
Il. For the Subſtile's Diſtance from the Meridian. 


As the Radius go deg, . hh —-—————10—00900 
To the Sine of the Declination 85 deg, —- ak bs P 
Gi the Co-Tangent of the Latitude 38 deg. 28 min. "NY _— 


—— 


Xg—B89842 


Tothe Tangent of 38 deg. 22 min. - WE EE: 
For the Deflexion, or the Subſtile*s Diſtance from the Meridian. 


III. For the Plain's Difference of Longitude 


As the Sine of the Latitude 51 deg. 32 min.— —— im 9—89374 

þ tothe Radius go deg. — - ——I0-=20000 

$ isthe Tangeur of the Declination 85 deg. — - ———I05804 

Tothe Tangent of 86 deg. 5 min. — 6430 
Which 1s the Plain's Diffcrence of Longitude. 


Theſe Requiſites beirig thus found, you may proceed to the making of a Table for 
the Hour Diſtances, in all reſpetts as in che laſt Chapter : By, firſt, A the 
Hours proper for the Plain in Order, as in this Table : And againſt XII fer the 
Plain's Differerice of Longitude 86 deg. 5 miti. from which ſubcratt 15 deg- and there 
will remain 71 deg. 5 min. which ſet againſt XI and I. Alfo from 71 deg. ; min, 
ſubtraft 15 deg. the remainer will be 56 deg. 5 min. which ſer againſt X and I]; and 
 fobythecontinual fubtraftion of 15 deg. _-_ ſhall find 11 deg. 9 min. to ſtand againſt 

Viland V, under which write The Subſtile's Place, and then 11 deg. 5 min. being 
lubtrafted from 15 deg. there will remain 3 deg. 55 min. which ſet under The Sub- 
ſales Place, againſt VI; and then by the continual addition of 15 deg. therero, you 
hall have ſuch EquinoCtial Diſtances, as the ſecond Column of the. T able affordcth ; 
And then for the rrue Hour-diſtances upon che Plain, ſay, _ 


As the Radius go deg. — 1 0—20000 


wt. ttt 


— — 7 


To the Sine of the Stile's Height 3 deg. 6 min. — 
$0 is the Tangent of 86 deg. 5 min. the Equinottial Diſtance of XY. —— 1116453 


——— 


Tothe Tangent of 33 deg. 23 min. — - —— — #9—B8g755 

Which is the Diſtance - XII a Clock from the Subſtile upon the Plain : And fo 
proceeding with the reſt of the == pa Diſtances, you ſhall exhibir ſuch Num- 
ders as the Third Column affordeth. 


D. M. 

* ” South Declin. Weſt. 85 oo 
Diſtance Sabſtite and Meridian 39 22 
Height of the Stile 3 06 


Plain's difference of Longitude 86 o5 


SEC Hours 


OO OOO Ree Ee ee ret 4 Rr) DE 


__—_——— - _ * 
00.04 RR Tee EI Er GRIER ER WES RE ee er Peer eo Ds cs eng af 4-2 nyt ee _—_ 


<4 ea An ae. — an 


Fig. VII. 
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F; FAY A 
Equinotial Hour-l 'uff. on | 
Hours. Diſtances. | the Plain By this Table you may ſee that 
Faſt. Welt. | D. M | D. M. 4 pen one 1a about the Sub- 
Fr Tf, : tle ( and indeed all the reſt, ex- 
| XI | 09 J 30 <Q cept the cxtream Hour of XII ) do 
| Xl I 7 5 ) ) G fall ſo near together, that without 
X Il: 50 $2 4 ?, | an infinite extention of them, there 
IX uo S 7 Hg ” will be no competent Diſtance be- 
| VII w | v2 Hu 3 rween Hour-line and Hour-Jine, 
VI Il ” op Pe *4 wherefore, laying alide your Ta- 
| — The Subſtifes Place. | ble, 'procced ro make your Dial 
VI | 3 J) : . = | Geometrically, according to theſe 
'V VII| 18 JJ +: tollowing Dirc&ions. 
[IV VIII | 33 53] 2 © 
| Kenony 1400056 OW BN BN : Ne 
The Geometrical Projection of this ( or the like ) Dial. 
1. Draw a right Line A B, perpendicular to one fide of your Plain, 'and toward; 


the right hand, becauſe the Plain declineth Eaſtward ; and with Go deg. of your 
Line of Chords, deſcribe an obſcure: Arch of a Circle C D E, and upon it ( trom 
CroD ) ſet oft 38 deg 23 min. the Subſtile's Diſtance from the Meridian, aud draw 
the Line A D for the Subſtile, quite through the Plain. 

2. Our of your Line of Chords take 3 deg. 6 min. the Height of the Stile, and fer 
them upon the former Arch from D ro E, and draw the Line A E for the Stile. 

3- Now ( becauſe the Stile is bur of ſmall Elevation, viz. bur 3 deg. 6 min. ) 
draw another Line ( as G H ) parallel to the Line of the Stile x E, at ſuch convent- 
ent diſtance as you ſhall think fit ; which ſhall be your Augmented Scile. 

4. Aſſume any two Points in the Subſtilar-Line A D, at fome convenient diſtance 
each from other, as R and S, and through thoſe two Points draw two infinite right 
_ 2 of them ar right Angles to the Subſtilar-Line A D, as the Lines Z Z, 
and X X. | | 

5. From the Point R, with your Compaſſes, take the neareſt diſtance to the 
new Augmented Stile G H, and fer that diſtance upon the Subſtilar-Line trom R to 
K. Alfo, from the Point S, take the neareſt diſtance to the new Augmented Stile 
GH, and ſet thar diſtance alſo upon the Subſtilar-Line from S to L. | 

6. Upon: theſe two Points K and L, with Go deg. of the Line of Chords, de- 
ſcribe rwo Semicircles, and in either of them fer off 86 dey. 5 min. the Plain's Difle- 
rence of Longitude ; as from R to M, and alſo from $ to M; both of them on the 
_—_ ſide of the Subſtilar-Line, on which the firſt perpendicular Line A B was 

rawn. 

7. Divide either of the Semicircles laſt drawn into 12 equal parts, beginning at 
ers M, as the Points ©©®, &>c. which 15 deg. of the Line of Chords will 
cffeR. 

8. LayaRuler to the Point L, and the reſpeQive Points ©© ©, tc. in the Semi- 
circle, and the Ruler will cut the Lgie XX in the Points #+#, 4c. Allo lay a 
Ruler to K, and the feveral Points ©®©, tc. and the Ruler will cut the Line ZZ 
in the ſeveral Points XX, &c. 

Laſtly, Lines drawn from the firſt Point + in the Line ZZ, to the firſt Point & in 
the other Line X X, ( which the Subſtilar-Line will dirc& you how to doe, ) thote 
Lines ſo drawn ſhall be the true Hour-Lines proper for the Plain, and will appear 
as In the Figure, and be at a competent dittance one from another, without hayiag 
any relation at all rothe Centre. 


ow in the making of this Dial you have made four Dials, viz. 


South declining Weſt 
South declining Eaſt 

North declining Weſt 
North declining Eaſt 


only by changing of the names of the Hours, and placing the Stile on the contrary 


{11de 


85 degrees, 


Part l. Arithmetical DIA L LING. 


fide of the Line A B, for the South declining” Eaſt. And by turning the Dial up- 
lide downwards, for the two North Deeliners; fo that the Stiles may point upwards 
ro the North-Pole, and the Hours abour Miunight omitted, as in the former North 


Dial, Figure VI. 


— eo rey 
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CHAP © 


CEI— 


Has to find the Hour-diltances, and the other Requiſites 
belonging to a Dire& Ealt or Welt Plain, which Re- 
clineth from the Zenith towards the Horizon. 


lIppoſe a dire& Weſt Plain, ſhould recline from the Zenith towatds the Horizon 
0 35 deg. Such a Plain is repreſented in the Fund. Diagram by the Circle N X S, 
whoſe Pole is at a. Now if a Ruler be Jaid to a, and to the ſeveral Points where the 
Hour-Circles of the Projection do croſs the Plain in the Fundamental Diagram. ir 
will cut the Primitive Citcle N W SE in ſeveral Points, through which if ines be 
drawn from Z., they will be the ttue Hour-Lines of the Eaſt or eſt Reclining Plain. 
And if you imagine an Arch of a Great Circle to paſs through Þ the Pole of the 
World, and a the Pole of the Plain, as the Arch Þ R, you hall haye conſtituted a 
Right Angled Spherical Triangle N P R, right angledatR. 

Now before the Hour-Diſtances can be found upon theſe Eaſt or Weſt reclining 
Plains, there muſt be three things tound, as there were in upright declining Plains, vi. 

1. The Height of the Stile or Pole above the Plain. 

2. The Deflexion, or Subſtile's Diſtance from the Meridian. 

2. The Plain's Difference of Longitude. . | 
All which may be found by reſtoring of the forcſaid Spherical Triangle NP R.,; 
right Angled at R, in which is given, . 

i. The Side N P., the Latitude of the Place 51d. 32'. 
. 2. The Angle P N R, the Plain's Reclination 35 deg. 

3- The Right Angle at R. 


And by theſe things given, the three former Requifites may be found. 


I. For the Height of the Stile or Pole above the Plain Þ R. 
As the Radius g9 deg. | 10 


b to the Sine of the Latirud@ 51 deg. 32 min, N P | ene = wt 
So i5the Sine of the Plain's ES PN R 9.09374 
To the Sinc of the Stile's Height P R 26 deg. 41 min. "9.65233 
IL For the Subſtile's Diſtance from the Meridian R N. | 

As Radius 99 deg. | fo. 
 rothe Tangent of the Latitude NP, 51 deg. 32 min. = wr nee 
$2 isthe Co-Sinc of P N R, the Reclinarion, 55 deg. /'1 9.91336 
To the Tangent of N R, 45 deg. 52 min. 10.91327 


Which is the Dcflexion, or Diſtance of the Subſtile from the Meridian. 
IH. For the Plain's Difference of Longitude N P R. 


fs the Sinc of the Latitude 51 deg. J2 min. __ 9.89374 
Is to the Radius ,0 deg. | IO. 

Jo is the Sine of the Deflexion N R 45 deg. 52 min. x9.85595 
To ths Sine of NP R 65 deg. 27 min. 9.90221 


Which 66 deg 27 min. is the Plain's Difference of Longitude, NP R. | 

_ The three Requilites belonging to this Plain being tound, you are to prepare a 
Table, fuch as followeti, wherein ſer the Hours proper for the Plain, in the firſt 
Column ; namely, from 4 in the Morning till > in the Afternoon for the Ea, and 


itom x9 in the Forcaoon till 8 at Night tor the ef, 
SYFE 2 Now 


_d th. he _"_ i. — 
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Now the Plain'sDifference of Longitude being 66 deg. 27 min. there are contained 
therein four compleat Equinofial Hours, and 6 deg. 27 min. over; wherefore, the 
Subſtile muſt ſtand berween the Hours of 4 and 5 in the Eaſt Dial,and between 7 and 8 
in the Weſt ; as is viſible in the Fundamental Diagram by the Arch PR. And theretore 
betwcen thoſe Hours in your Table write the word Subttile,and the 6 deg. 27 m. re- 
maining above four Hours, ſet over the word Subſtile in the ſecond Column of the 
Table againſt the. Hours ot 4 and 8, and ſubtraQting 6 deg. 27 min. trom 15 deg. the 
remainder, 8 deg. 33 min. tet under the word Subſtile, againſt the Hours of 5 and 
7. Then by the continual Addition of 15 deg. to thele two numbers, you ſhall find 
the Equinottial Diſtances belonging to cach Hour, to bc tuch as are exhibited in this 
Table following, in the ſecond Column thercof: As 21 deg. 27 min. tor 3 and g; 
and 23 deg. 33 min. for 6 and 6; and ſo of the reſt. . 


Your Table thus prepared, yournext work will be 
to find the rrue Hour-Diſtances upon the Dial-Plain, 


ASS Y 


|  . D. M.| {9m the Subſtilar-Line, all which may be tound b 
| ART RRrIng 3 <4 this following Analogy : ; F f 
| Stile'sHeight 26 4r | As the Radins, go deg. | 10.20000 
| Deflexion 45 52 Is tothe Tangent of 6 deg. 27' (for 4 and 8) g.o5328 
| Ditter. of Long. 65 27 | SoistheSine ot the Stile's Height PR 26 9.41. 9.65233 
h _— —— ' Tothe Tangent of 2 deg. 45 min. X8.70561 
| | ppt | Va me | Which 2deg-45 min. isthe Diſtance of the Hour-Lines 
| f  BY ---nntagy 2 |-ponp DE | of 4 or 8 upon the Plain, from the Subſtile. And by 
| _ _ continual working of this Proportion you ſhall find 
| Siam 1 ST a —_—_ —_— to ever —_ Diſtance from the 
ERSS-14 | Subſtileu e Plain, fuch as in the 
ts [ole ahi 29 _ — I oma S the laſt Column of 
13 166 2745 - 52 | 
FE r 11151 27/29 24 The Geometrical Conſtrudtion of theſe Dias. 

Fig. VIIL ” 1 36 = 16 wy Firſt draw a Right Line $ L, for the Horizontal 

2 g p a 4 3 | Line of the Plain, which in all theſe Plains the Meri- 

4 The Sub-* Gale *| dian and hour-line of 12, muſt lie towards the cnd 

> g _ - thereof, as at S, ( on the Right hand for the Evſt, but 

) 4 / . 33 [3 J? | on the Left hand for the eſt Recliner,) make the 

- ; 33 : h Centre, upon which, with 60 deg of your Scale of 

& 53% 33 , " Chords, deſcribe the Arch ADC NB, upon which 

4 ; 33 3 ſet 45 deg. 52 min. the Deflexion from N to C, an 

= 2ls > |4 _=— | drawSC for the Subſtilar Line of the Dial : Allo, fer 

23.35 12.88; ; 26 deg. 41 min. from C to Þ, and draw $ D for the 


| Stile or Axzs. 

This done, have recourſe to your Table of Honr-diſtances, from thence take out 
the ſeveral Degrees and Minutes as you find them in the Third Column, and ſct 
them upon the Arch AD CB from D the Subſtilar Line of your Dial ; ſo ſhall _ 
Lines drawn from the Centre S, through thoſe Points, be the true Hour-Lincs bc- 
longing to your Reclining or Inclining Eaſt og Weſt Plains. | | 

For 1n the making of one of theſe Dials you have made Four,as in upright declining 
Plains you did, by only changing the Names of the Hours, and leaving out ſuch as 
the Sun can nevycr ſhine upon in the Incliners , all which is viſible in the Figure, an 

_ needs no words for farther Explanation. 
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C H A P:; XI. 
Of South Reclining Plains, and how to draw Hour- 


Lines pon them. 


I a 


I. The Firſt Fariety, of a South-Plain Reclining Equal to the 
Complement of the Latitude. 


| TR_ are three Varieties of South Reclining Plains, for the Plain may fo tecline, Fig 1X 


that it may fall juſt into the Pole, and that is when the Reclination of the Plain 
is equal tothe Complement of the Latirude of the Place ; and ſuch a Reclining Plain 
inthe Fundamental Diagram is repreſented by the Circle W Þ E, paſſing «wn 


the Pole art Þ, fo that the Pole hath no Elevation over the Plain ; and therefore the 


Dial will have no Centre but all the Hour-lines will be parallel one to the other : 
And the making of ſuch a Dial is the ſame with the Eaſt and Weſt ere Dials; only, 
x5 the Stile in choſe Dials ſtood upon the Hour-line of Six, in theſe it muſt ſtand up- 
on the Hour-line of Twelye : and the EquinoQtal Line in thoſe, is the Horizontal 
Line in this : An Example of ſuch a Plain you have in Figure IX. | 


Il. The Second Variety, of a South-Plain Reclining leſs than the 
Complement .of the Latitude. | 


Such Plains as recline from the Zenith leſs than the Complement of the Latitude, 
do always fall between the Zenith and the Pole. Suppoſe therefore in the Laticade 
of 51 deg. 32 min. a South Plain ſhould recline from the Zenith 25 deg. Such a Plain 
s tepreſented in the Fundamental Diagram by the Circle W F E, whoſe Pole is at 
b; fo that if you lay a Ruler to b, and to the ſeveral Points where the Hour-Circles 
in the Fundamental po do croſs the Reclining Plain W F E, it ſhall divide 
the Periphery of che Fundamental Diagram into 12 unequal Parts, through which, if 
Lines be drawn from the Centre Z, they ſhall be the rruc Houz-lince belbaning to 


the Reclining Plain. 
; The Trigonometrical Calculation, 


In this Plain there is nothing required to be found by Ttigonometrical Calculati- 
on, but che Hour-diſtances from the Meridian ; and beforc they can be calculated 
the Height of the Pole, or Stile, above the Plain, muſt be known ; and thar is 
repreſented by the Arch of the Meridian PF, Wherefore the Plain falling be- 
tween the Pole and the Zenith, if you ſubtra@ 25 deg. the Plain's Reclination, Z F 
fromZP, 38 deg- 28 min. there will remain FP, 13 deg. 28 min. for the Height of 
the Pole or Stile above the Plain ; which being known, the Hour-diſtances may be 
found by this Analogy : | 


As the Radius, go = : ; DE, 19.00099 
& to the Sine of Þ F ( the Stile's Height ) 13 deg. 28 min. 9.42805 

$ is the Tangent of 15 deg. the Equ. Diſtance for 11 and 1, 2671 
To the Tangent of 3 deg. 34 min : x 7957 

The Diſtance of the Hours of 11 and 1 a Clock from the Meridian, or 12 a Clock 


Hour-line : And ſo for all the reft of the Hour-diſtances as they are exhibited in the 
third Column of this Tablc. 


| Srile's Height 13 deg,. 48 min. 

* Equino&. } Hour-Di- 
| Hours, Diftance. |} _ ſtance. 
kk M2. 
| TY O00 OOj O00 
| It }15 OOF 3 34 
19130 o2| 7 39! 
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Fig. XI. 
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The Geometrical Confiruction of thej. Dials. 


There is no other Geometrical Conſtruction of this and the other following dircg 
Recliners, than in a common Horizontal Dial ; for having tound the Height of the 
Stile, and the Hour-diſtances as in the I able, you have no more to doe, than to de. 
{ribe an Arch of a Circle upon the Centre of the Dial, and fer off the Hour- Arches, 


as you find them in the Table. TheStilc isto be elevated upon the 12 a Clock-line, 


equal to an Angle of 13 deg. 28 min. for this Dial will be an Horizontal Dial in 


that Larirude. And ſuch a Dial you have in Figure X. 
This Dial ſerves alſo for a North Incliming Plain, by drawing the Hour-lines through the 


Centre, andchanging their Names. 


HI. The Third Yariety, of a South-Plain Reclining more than the Complement of the Latitud:, 


Sach Plains as recline from the Zenith more than the Complement of the Lati- 
rude, do always fall between the Pole and the Horizon. : 

Suppoſe therefore, rhat in the Latitude of 51 deg. 32 min. a South Plain ſhould 
recline from the Zenith 70 deg. and ſuch a Plain 1s repreſented in the Fundamer:- 
tal Diagram, by the Circle W G E, whoſe Pole is at C; fo that it you lay a Rulc 
ro c, and to the reſpettive Points where the Hour Circles of the Fundamental Diz- 
gram do cut the Dial-Plain W GE,the Ruler fo laid will divide the Primitive Circle 
of the Fundamental Diagram into 12 unequal Parts,through which,if Lines be drawn 
from the Centre Z, they ſhall be the true Hour-lines for the Reclining Plain. 


The Trigonometrical Calculation. 
In this Plain ( as in the laſt beforegoing ) there is aothing required to be found 


| by Calculation, but che Hour-Diſtances upon the Plain : And before they can be 


_ fore Z G79 deg. being equal to the Rec 


found, the Height of the Pole or Stile above the Plain muſt be known ; and that is 
repreſented in the Fundamental Diagram, by the Arch of the Meridian P G : wherc- 

lination, P Z, the Complement of the La- 
ticude 38 deg. 28 min. taken therefrom, leaverh 31 deg. 32 min. for the Arch PG, 
equal to the Height of the Pole or Stile above the Plain ; which being known, the 
true Hour-diſftances from the Meridian may be found by this general Analogy. 


As the Radius, go deg. | 19.0090 
Is ro G Þ ( the Height of the Stile) 31 deg. 32 min. 9.71850 
So 1s the T anger of 15 deg. the Equinott. Diſtance tor 11 and 1 9.42805 
To the Tangent of 7 deg. 59 min. | 9.14655 


The Diſtance of the Hour-lines of 11 and 1 a Clock from the Mcridian, or 12a 
Clock Hour-line. And fo you may find all the reſt ro be ſuch as are in the Third 
Column of this Table. | 


| Stle's Height 31 deg. 42 min. 
Eguinoct. | Flour-Di- 

". Diſtances [tances. 
_- | De. \. | De. - 
12 09 ad 
[T4 4-Þ O00 | 7 59 
> 19 0 ores 40 
Zandg | 45 001 237 .: 36 
th .Þ {G2 ©0| 42 19 
F: 71.73 WT 
6 90 OO | GO ©'0, 


For the Geometrical Conſtrufion of this Dial, it is noother than to make an Ho- 
rizontal Dial for the Latitude of 31 deg. 32 min. which is equal to the Stile's Height 
of this Dial, and the Work is done ,, and tuch a Dial you have in Figure XI. 

This Dial alfo ſerves for a Nerth Inclining Piain oppolite thereto, by only chatr 
ging the Names, and leaving out of the Hours aboyc Midaight, | 


CHAP 


Arithmetical D 14 L LING. 


CHAP. Xl. 
Of North Reclining Plains, aud how to draw Hour- 


Lines upon them. 


CE I 


L. The firlt Variety of a North Plain, Reclining equal to the Latitude of the Place. 


S of South, ſoof North Reclining Plains there are three Varictics, for the Plain 
A may fo recline, that it may fall jut in the Equinottial Circle, and thar is, 
when the Reclination of the Plain is equal to the Latitude of the place: And ſuch a 
Plain is repreſented in the Fundamental Diagram, by the Circle W A E, whoſe 
Pole is ar Þ, the Pole of the World; unto which Point P, a Ruler laid, and to the ſe- 
veral Intericctions of the Hour-Circles in the Fundamental Diagram, with the 
Plain W & E, it will divide the Primitive Circle N W $ E into 24 equal Parts, 
and Lines drawn from Z, (thc Zentth) ſhall be the true Hour-Lines of a Plain, 


Fig. XI. 


whoſe Reclination is equal tro the Latitude of the place: So that to niake ſuch a 


Dial,is no more bur to deſcribe a Circle,and diyideit into 24 equal Parts, and chrough 
thoſe draw right Lines, to many as the longeſt day in the Latitude wherein the 
Dial is made doth contain hours. | | 

For the S11le of this Dial, it is repteſcnted in the Fundamental Diagram by the 
Arch of the Meridian P A; the Arch Z X& being equal to the Latitude' 5x deg: 
32 min. and Z. P cqual to the Complement thereof, 38 deg. 28 min. which added 
together, make go deg. fo that the Stile is no other, than a ſtreight Pi or Wyre, 
- "as up in the Centre: And ſuch a Dial you have deſcribed in 

igure X1I. | ” == 

And in making this Dial, you have made two Dials go a South Inclining Dial 
alſo; the North (or upper) face whereof being ſerviceable only from the 10th or 11th 
of March, till the 12 or 13th of September, during which time, the Sun hath Nerth 
Declination; and the inclining (or under) face all the time that the Sun hath South 
Declination, namely, from September till March. 


II. The ſecond Variety of a North Plain, Reclining leſs than the Latitude. 


If a North Plain do recline from the Zenith leſs than the Latitude of the place 
falleth berwcen the Zenith and the EquinoCtial Circle. 

Suppoſe therefore that a North Plain ſhould recline from the Zenith 25 deg. and 
ſuch a Plain is repreſented in the Fundamental Diagram, by the Circle W H E, 
whoſe Pole is atd : Whercfore, if gou lay a Ruler tod, and to every of the Inter- 
ſeftions of the Hour- Circles of the Fundamental Diagram, with the Plain WHE, 
Lines drawn trom Z., through thoſe Points, ſhall be the rrue Hour-Lines for ſuch a 
Reclining Plain. 

The Trigonometrical Calculation. 


Inthis Plain there is nothing requircd to be found by Calculation, but the Hour- 
diſtances from the Meridian ; and betore they can be calculateds the Height of the 
Pole (or Stile ) above the Plain muſt be known, and that is reprelented by the Arch of 
the Meridian H Þ, which is compounded of P Z,, the Complement of the Latitude, 
38d. 28 m. and Z H, the Reclination, 25 deg. which two added rogether, make 
PH 63 deg. 28 min. for the Hcight of the Stile or Pole above the Plain ; 
and this being obtained, the Hour-diltances may be found by the general Analogy, 
or Proportion tollowing : 


- ASthe Radius, go deg. 


T0.00009 

Is to Þ H, the Stiles Height, 63 deg. 28 min. 9.95166 
is the Tangent of 15 deg. the diſtance of 11 and 7x. - 9.42805 
To * deg. 29 min. | X9.3JZ7G7T 
The diſtance of 11 and 1 a Clock from the Meridian or 12 a Clock Hour-Line, and 


bof allthe reſt, as in thethird Column of this Table. 


Stile's 


b it Fig. XIE. 
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Seile's Height 63 deg, 28 min. 


Equinodi- | Hour-di- 
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Deg. Min. | De. Me. 

I2 OO OO |] CO OO 
RT i E 
+ -- $0130 | 00127 - as 
zandol45 oo[4qt 49 
4 B8|60 oo[57 10 
J 7-13 - « 00773. ..20 
6 | 90 OO 190 O©O 


The Geometrical Conſtruion of theſe Dials. 


The Hour-diſtances being calculated as in the Table, you have no more to 
bur make an Horizontal Dial for the Latitude of 63 "deg. 28 min. and ow 
the Dial. Fig. XIII. * 

This Dial ſerves alſo for a South Inclining Plain oppoſite thereto, by changing 
the Names, and leaving out the Superfluous Hours. 


HI. The third Variety of a North Plain Reclining more than the Latitude. 


Such Plains as do recline more than the Latitude of the place, do always fall be: 
tween the EquinoCtial and the Horizon. # 

Suppoſe therefore, that in the Latitude of 51 deg. 32 min. a Nerth Plain ſhould 
recline from the Zenith 70 deg. and ſuch a Plain 1s repreſented to the eye in the 
Fundamental Diagram, by the Circle W K E, whoſePole is at e, fo thar if youlay 
a Ruler toe, and to the reſpetive Points, where the Hour-Circles in the Funds- 
mental Diagram do croſs the Plain W K E, the Ruler fo laid will divide the 
Primitive Circle of the Fundamental Diagram into 12 unequal parts; through 
which Lines being drawn from the Centre Z, ſhall be che Hour-Lines proper tor 


the Reclining Plain. | 
The Trigonometrical Calculation. 


In this Plain (as in the reſt foregoing) there is nothing to be found by Calculation; 
butthe Hour-diſtances upon the Plain: And befote they can be found, the Height 
of the Pole or Stile above the Plain muſt be known, and that is repreſented in the 
Fundamental Diagram by the Arch of the Meridian PK. Now from Þ to Z is 
38 deg. 28 min. equal tothe Complement of the Latitude, and from Z to K is 
70 deg. equal to the Plain's Reclinationz whicl#®two being added together, do make 
108 deg. 28 min. for the Height of the Pole above the Plain, which ſhould be the 
Height of the Stile; but that cannor be the true Height of the Pole above the Plain 
for that can never exceed Go deg. But this Plain falling berwcen the Equinodtial 
and the Horizon, muſt needs have ſo much lefs Altitude than go deg. as the Re- 
clination is more than the Latitude: Therefore if you add 38 deg. 28 min. P Z,to 
Z K, the Surmm will be 108 deg- 38 min. as before: whoſe Complement to 180 
deg. is 71 deg. 32 min. and that is the true Height of the Pole (or Stile) above the 
Plain.—Or, if you add Z Z (the Latitude) 51 deg. 32,min. to Z. e, the Comple- 
ment of the Plain's Reclination 20 deg. the Summ of them will be 71 deg. 32 min, 
for the Height ofthe Pole (or Stile) above the Plain alſo : And now the Height of 
the Stile being by this means attained, the Hour-diſtances upon the Plain may be 
calculated by the common Analogie : 


As the Radizes, go deg. = 0.00009 
Is rothe Sine of the Stile's Height, 71 deg: 3z min. M e, | 857704 
So is the Tangent of 15 deg. 0.42805 


Tothe Tangentof 14 deg. 16 min. for the Diſtance of 11 and 1 a clock. 29.4959 


And 


part |. Arithmetical DIAL LING. 709. 


— 
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"And ſo repeating this Work for all the hours, vou ſhall have fuch Sriv”s Height, 514 pam. 
diſtances as arc expreſſed in the third Column of the I able. _ | = punodHi.| Har -D- 
The Stile muſt be erc&ted Perpendicularly upon the Hour-Line of 12, '#247: a Out. | Alences, 
(as inall the ot»cr direc North or South Reclining and Inclining Daals,) _ = Mi. De. Mi, 
making an Angle therewith equal ro the Height of the Pole above the t this 
Plain; which in this Example is 71 deg. 32 min. '2-n0l 3 


[®) 
OQ 
CC 
The Geometrical Conſtruction of this Dial is no more than to make 3 945 ©|413 - 3o 
©C 
OC 


common Horizontal Dial for the Latitude of 71 deg. 32 min. And a 


h a Dial you have in Figure XIV. | * «2 -— ip 
— aki of this Dial you have made a South Inclining Dial - , E 
alſo, by drawing the Hour-Lines through the Centre, changing their 
Names, and leaving out ſuch as the Sun cannot ſhine upon. | 

E Et be. 3 


CHAP. XL 


0f South Declining Reclining Plams, how to find the ſeveral Requiſites to then 
belonging, and the Hour- Diſtances proper to each Plain. 


Sthere wete three Varieties of dire South Reclining Plains, ſo many allo are there of 

South Reclinings which do Decline alfo: For to any Declination, the Plain may be 
made fo to recline; that (1.) it may pals through the Pole of the World; or (2.) it may tecline 
ſo, that it ſhall fall berween the Pole and the Zenith, or (3) it may recline.ſo, that it ſhall 
pals berween the Pole and the Horizon. pz | * 


I. The Fir Yariety of a South Plain, Declining Eaſtward 30 deg. and Redliing from the. - 
"Lenitth 34 deg. J2 min. ' © 113 = Wis 


This Plain in the F. Diagram, is repreſented by the Circle CP D; whoſe Pole is ar git 
paſſeth diretly through P the Pole of the Morld, and therefore hath no Eleyarion abour it; 
wherefore the Hour-Lines will be all parallel to one another : Bur before yon can draw 
them, rwo things mult be found. | -S.-4 

r. The Diſtance of the Meridian from the Horizon Þ B, 

2. The Plain's Difference of Lang ude ZP Q. | 

All which may be found by the F. Diagram ; but 
that comes now to be (o incumbred with Lines and 
Letters, that there can conveniently be no more in- 
ſerted ; wherefore for thele {ix Varicties of South and 
Nerth Declining Reclining Plains, I will infert in their 
due places fix particular Schemes, wherein ſhall be | 
deſcribed ſuch Circles of the Sphere, as ſhall repreſent 
ſuch Triangles as arc neceſſary for the tinditng out of \ 


the ſeveral Requijites belonging to each Dial Plain. 

[1 this Diacram, and fo in all the other five which A 
follow, the Primitive Circle, W N ES, repretents 
the Horizon of London, whole L at. is 53 deg, 32 min. 
NZ Sthe Meridian, W £ E the kquinostial, W E | —L—R. 
the Prime Vertical, Þ the Pole of the 1/rl, Z the cr EE 16 
Zenith: And in this. Scheme: 8he Circle A Þ B repreſents the Declining Reclining Plain, 
palling through Þ the Pole of che World, Q che Pole of the Plain, and Þ Q-R, the Arch of 
a great Circle, paſſing through both th: Poles, CG D, a Line cutting the Declining Re- 
c_ Plain at right: Angles in G;, by the Interfe&ion of thofe Circles of the Sphere, there 
1s conſticured a right Angled Spherical Triangle Z, G P, right: Angled at G; by the ſokution 
Whercof, the twa forementioned Requilites may be found. | | 


" 


| ty Trigonometrical Calculation. C4 


In the Triangle Þ G Z, is given (1.) The f1de G Z. 34d. 32 m- the Plain's Reclinatjon, 


(2) ZPÞ, 38d. 28 m. the Complemcur of the Latitude. (3.) The Angle G Z P 3od. the 
lain's Deelination, to find G P. ' 


_ As the Radius, Sine 99. ZG P 7 10:00600 . 
© Ktrothe Sine of P Z,, the Co-Latittrde 38 deg. 28 min. 9.79383 
30 is the Sine. of PZ G, che Declination 3o dcg. — 9.69897 


P To the Sinc of Þ G 18 deg. 7 min. ; 9.49280 
; Whoſe Compl. 71 d. 53 m- is cqual Es che Ditt. of the Meridian fromthe Horizons, 5 
th | I 2, For 
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. For the Plain's Difference Longitude Z P Q. An Arch of a great Circle being draw, 
throo h Þ the Pole of the World, and Q the Pole of the Plain; conſtitutes che Ob! __, 
PZ G; the Angle Z ÞP Q being the Plain's Difference of 0g and may be found by 


ving the Triangle Z P G, in which is given (1.) ZP 38d. 28 m. (2.) Z G the Rec4;.. 
=_ 20d. 32 m. Tofind the Angle ZP G (2-) Recli 
hs che Sinc of Z P, 38 deg. 28 min. the Co-Laritude © 9.79383 

I to Radizs 90 deg. Z GP : - 

$o is the Sine of Z G the Reclination 34 deg. 32 min. 19.7549 

To the Sine of ZP G, 65 deg, 41 min. "9.9596 


. 19 m. for the Angle Q P Z, the Plain's Diff. of Lonertud., 
Il. By Spherical Projedtion. 


Thc Diſtance of the Meridian from the Horizon is repreſented in the Scheme by the Arc), 


of the Plain A Þ B, and may thus be found; 
wo a Ruler from Q, the Pole of the Plain, to P, the Pole of the World, and it will cr 


Whoſe Comp. to go d. is 24 


the Primitive Circle near O, at 71 deg. 53 min. diſtant from B, and that is the Diſtance of the 
Meridian from the Horizon. 


The Plain's Difference of Longitude is repreſented in the Scheme by the Angle PZ, 
CT abice Kid from P, che Pole of the World, to Qrke Pole of tu tins 
will cut the Primiciye Circle at R 24 deg. 19 min. from S, and that is the Plaits Difference 


irud 
of Longi Co II. The Geometrical Protrattion of this Dial. 


1. Draw a Line at pleaſure, as AZB, repreſenting the Horizontal Line of the Plain the 

cenſidcring of what koh you would have the Stile to be, anſwerable to the bigne(s of one 
Z D, take that diſtance in your rr wy mars and ſetting one foot in Z, with the 

other deſctibe a Semicircle A C D B, upon which (by help of a Scale of Chords ) ſet 71 deg, 
53 min. the FT__ oQ the Mcridian from the Horizon, from A to C, and draw the Linc 

CE from the Subſtile. Z 
wo Take 24 deg. 19 min. the Plain's Difference of Longitude, and ſet it fromC to D. 

3. Through the point C, draw a Linc F G, Perpendicular to the Subſtile Z E, and another 
Line H 1, at any diſtance parallel to F G. | : : 

4 Lay a Ruler from Z.to D, ir will cutthe Tangent Linc FG, in 12, through which point 
draw the Line 12, 12, parallel to the Subſtile Z E, tor the Hour-Line of 12. 

5. Divide the Scmicircle ADB into 12 equal parts, atthe points * + #,&c. beginning atD. 

6. Lay a Ruler unto Z, and upon every of the marks + + #, Q&c. and ir will cut the Line 
FG, inthe points 7, 8,9, 10, 11, 12, 1, 2; through which points draw Lines parallel to the 
Subſtile ZE, ſo is your Dial finiſhed. © 

As for the Stile, it may be a ſtreight Pin or Wyre, of the juſt length of the Line C Z, as 
KL. fer Petpendicular to the Plain upon any part of the Subſtile, whoſe point wall give the 
$ Or it may bc a Plarc-of Braſs or Iron, of the ſame breadth with the Line Z C, 


which will ſhew the Hour by the ſhadow of the tide thereof. 


L The ſecond Varie Hl be of a South Plain; Declining from the South Eaſtward 
, P ” rm cine from the Zenmth 20 deg. 


This Plain in the F. Diagram, is repreſented by the Circle CM D, and paſſcth between the 
Pole and the Zenith, whole Polc is a Y: And before the Hour-Lines can be deſcribed, four 


Requiſites rrſt be found, »:z. | 
"To & CM I. The Diſt. of the Merid. from the Horizon OB. 
W- 2. The Height of the Pole, ( or Stile above the 
$7 Plain PR) 
% 3. Ihe Deflexion,or Subſtile's Diſt. from the Merid. 
2.7 9 B 4- The Plain's Difference of Longitude OP R. 
: In this Scheme, the Circle A H | nab the De- 


clining Reclining Plain, Q the Pole thercot : andP 

jw QR, the Arch ot a great Circle paſſing through P the 

| Pole of the World, and Q the Pole of the Plain, 

_ Whoſe Pole is at a; and by the Interſection of theſe Cir- 
cles, and choſe of the —_—_ there are conſticured {c- 
yeral 7 pc Triangles, whereby the four foremen- 
tioned Requifites may be found. Lo. 


N I. By Trigonometrical Calculation. 

2 | T he firſt is the right Angled 4, Z HO, right An- 
gled a H, in which there is given, ( « ) the Angle HZ O, the Plain's Declination 30 dep. 
(2) che lige H Z, the Plain's Reclination 22 deg. to find the fide H O. ) 


LU; 


pan 1. Arithmetical DIALLING. 


TS 


7to 


As the Radius 7, C 99 deg. 


fZ H, 29 deg. the Recli — == 
k rothe Sine 0 , 20 deg. the Reclinarion, md Ge "Drraos 
'$o is the Tangent of C S, 3o deg. the Declination, —— — bt, 4 
To the Tangent of H O, 11 deg. 19 min. cn TANSaY x9.29549 


Whoſe Complement 78 deg. 50 min. is O B, the diſtance of the Meridian from 
the Horizon. | 

Ia the tame I riangle HZ O, you have given, (1) the Angle HZ © 3o deg. 
the Declinacion; (2) the {1de H O, 11 deg. 19 min. to find the fide Z O. 


As the Sinc of H Z Q, the Declination Jo deg. 9.59857 
Isro the Sine of the fide 1 O, 11 deg. 10 min. SY 928705 
& is the Sine of Z H O go deg. SY pas 


Tothe Sine of Z O, 22 deg. 37 min. . 59803 
Which taken our of Z P, 38 deg. 28 min. there remainsP O, 15 deg. 41 min. 


And now we have another vertical and oppoſite right Angled Spherical Triangle, 
OR P, the Sines of whoſe Hypotenuſes and Perpendiculars, are proportional, uſe 
may be made of both the Triangles together, ro find Þ R: For, | 


Asthe Sine of the Hypetenuſe Z. O,' Co-Ar. ni — 0.41200 
Is ro the: Sine of the Perpendicular Z H, 20 deg. . 953495 
So isthe Sine of the Hypotenuſe P O, 15 deg. 41 min. - 9.43188 
To the Sine of the Perpendicular PR, x3 deg. 49 min. ——  29.37793 
Which 13 deg. 49 min. 1s P 'R, the HeighrofthePole, or Stile above the Plain. 
Again, In the ſame Triangle-P R O, there is now given, (1) the fide PR, 
13 deg. 49 min. (2) and P O, 15 deg. 41 min. to find the tide OR. 

As the Co-Sine of P R, 76 deg. 11 min. — — _ 9.98725 
Is ro the Radius, PR O, go deg. ——_— — _ + 
Fo is the Co-Sine of P O, 74 deg. 19 min. ——— 
To the Co-Sine of OR, 82deg. 3o min. | 9. 
Whoſe Complement 7 deg. 39 min. is the diſtance of the Deflexion, or Subſtile 
trom the Mcridian. : | 
Laſtly, In the ſame Triangle P R O, there are all the three fides given, and the 

right Angle at R, to find the Angle OPR, the Plain's Difference of Longitude. 


_— 


Asthe Sine of the fide PO, 15 deg. 41 min. che Stile's Height, © ' 943108 
Isrothe Sine of the Angle P R O, go deg. — — Io. 
So is the Sine of the {ide R O, 7 deg. 3D min. _—— — 19.1156 


To the Sine of the Angle OP R, 28 deg. 52 main. —  —— 9.65385 
Which isthe Plain's Difference of Longirude. IP 


The next thing you are to ſeek, is the Hour-Diſtances upon the Plain. 


y" ; Latitude 46-32 
TR ore | . : | Declination Zo ©9 
The Plain's Difference of . Longitude being 28 deg. | Pecnnanon fe 


52 min. which is but one hour, and 13 deg. 53 min. of | ——H CITE 
the Equinottial over; wherefore, the Plain declining Eaſt | $rjte's Height = | 
zard, the Stile muſt ſtand berween the Hours of 10 and 11 | Detlexion | 7 30 
in the Forenoon : Therefore prepare a Table, and write | Piffer- of Longir. 28 52 


downthe Hours that the Plain 1s capableto receive; name- penny _ + any 

 Iy, from 5 in the Morning, till 4 in the Afternoon, and | [nes 
tweenthe Hours of 10 and 11, where the Subſtile muſt | De. Mi. | DE Mi 
ſtand, write the word Subſtile, and under it write 13 deg. | 5 » | 55 44 3 


52 min. which fubtralt from 15 deg. the remainder will 6 18 
be i deg. 8 min. which write over Subſtile. Then to p 
theſe rwo Numbers, by the continual addition of 15 deg. 
| (one EquinoCtial Hour's-diſtance)) you ſhall produce ſuch | 1 
Numbers as are ſcr down in the ſecond Column of the Ta- | The 
ble. And now to find the true Hour-diſtances upon the 
Plain, make uſe of the accuſtomed Analogy. 


CC ———_ 
w 
po 
»W 
\#X 


Tetrt2 


99027 \ 


_ 


; 
J 
: 
F 
t 
[| 
: 
F } 
il 
[i 
q 
{0 
LL 
{1 
+; 


CNS WS > 


_ 


Cursus MaATHEMATICUS. Book VIIl, 


As the Radius go deg.- —— ns” 10.00 
Is to the Sine of the Stile's Heighr 13 deg. 49 min. 0.37806 


So is the Tangent of 76 d. 8 m. the EquinoQtial Diſt. of 5 or 7a Clock, 10.6075 


To the Tangent of 44 deg. 3 min. the true Diſtance of the Hours 
of 5 or 7 upon the Plain from the Subſtile. [ 998561 


And thus working for every Hour, you ſhall produce ſuch numbers as are in the 
third Column of the Table, which with the Meridian, Subſtile, Stile, or Deflexi- 
on, bcing ſer,upon your Plain, your Dial is finiſhed. ; 


Il. By Spherical Projethon. 


I. For O B, a Ruler laid from Q_ to O, will cut the Primitive Circle at B 7 deg 
5o min. from B, and that is the diſtance of the Meridian from the Horizon. 

2. Fer PR, You muſt firſt find the Pole of the great Circle PR Q, which will 
be ata, a Ruler laid from a, to P and R, will cut the Primitive Circle in two 
points, the diſtance between which will be 13 deg. 49 min. for Þ R the Stile's 


Height. 
2 For O R, A Ruler laid from Q to O and R, will cut the Primitive Circle 


in two points, the diſtance between which will be found tobe 7 deg.3o min. for OR, 


the Deflexion, or Subſtile's Diſtance from the Meridian. 
4. For OP R, A Ruler laid from Þ ro L, where the great Circle P R Q croſſes 


che Equino&ial, will cut the Primitive Circle at 28 deg. 52 min. from N, far the 


Angle OP R, the Plain's Difference of Longitude. 


. For the Hour Diſtances upon the Plain, a Ruler laid upon Y, which is the 
Pole of this Plain CM D, in the Fundamental Diagram, the IncerſcCtions of the (c- 


' veral Hour Circles in that Diagram with the _ will give the cruc Hour Di- 


Ejg. XVI. 


ſtances upon the Plain; and will be found ſuch, (cither from the Meridian of the 
Place, or the Meridian of che Plain,) as in the foregoing Table ate exhibited. 


WI. The Geometrical Protrattion of this Dial. 


1. Draw a right Line A CB, and upon it, afſume C for the Gentre of the Dial, 
and thereon with 69 deg. of the Chords, deſcribe the Semicircle A FB and (becauſe 
the Plain declines Eaſtward,) take 78 deg. 50 min. the diſtance of the Meridian from 
the Horizon, from your Scalc of Chords, and ſet them from A to E, and draw the 
Line CE for the Hour-Line of 12: Allo rake 7 deg. 39 min. of your Chords, and 


| ferthem fromE toD, and draw the pricked Line C D for the Subſtile. Again, take 


13 deg. 49 min. the Stile's Height from your Scale of Chords, and fer them 
( cither way ) from D, as to F, and draw the Linc CF for the Stile or Ax of your 
Dial And laſtly, Upon the Semicircle A F B, ſet off all the Hour-diſtances from 
D the Subſtile, as you find them in the Ong Table; fo Lines being drawn 
from C the Centre, through thoſe points, ſhall be the true Hours proper for the 
declining Plain, and fo is your Dial finithed,' as in Figucze XVI. 


III. The Third Variety ſhall be of a South Plain, declining Eaſtward 30 dee. 
and Reclining 55 deg. . 


Such a Plain is repreſented in the Fundamental Diagram, by the Circle CR D, 
which paſſcth between the Pole and the Horizon, whole Pole 1sat s, and before the 
Hour-Lines can be drawn, theſe four Requiſites muſt be obrained. 213, 

I. The Diſtance of the Meridian and Horizon OB. 

2. T he Height of the Pole or Stile: above the Plain Þ R. 

3- T he Diſtance of the Subſtile, and Meridian R O. 

4. I he Plain's Difference of Longitude R P'O. 


I 


4 
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In this Scheme, the Circle A FROB 
repreſents the Des Reciiving Plain, 
the Pole thereof, R P Q an Arch of a 
=ar Circle, paſſing through Þ the Pole of 
.« World, and Q the Pole of the Plain, 
whoſe Pole is at b; now by the InterfeAions 
of theſe Circle, with the other great Circles 
of the Sphere, are conſtiruted ſeveral Sphert- 
al Triangles; by the ſolution of which, the 
four forementioned Requiſites may he found. 


I. By Trigonometrical Calculation. 


[. In the Triangle Z F O, right angled 
a EF, there is given, (I) the fide Z 'F. the 


lination, 55 deg. (2) the Angle Z KO 
ke 30 & to find the {ide F O: 


Asthe Sine of go Z C, ONCE mae © EE raced 
to the Sine of F Z, the Reclination 5y deg. | "0901336 
$ isthe Tangent of F Z O, the Declination 3odeg. — y764 


Tothe Tangent of F O, 25 deg. g min. — — +9.67480 
Whoſe Complement 64 deg. 41 min. is the Ark O B, the diſtance of the Subd 
from the Meridian, | 

2. In the right Ang] 

64 deg. 41 min. the Dutt 
: N8O 35 deg. che Complament of the Reciiaaciony Wl 
As the Sine of BN O, GO deg. or Radus, ; | 19.COG09 

kto the Sine of B O, the diſt. ofthe Meridian atd Horizon, 644. 4t m. 5615 
Fo is the Co-Sine of the Reclination N B O, 35 deg. I58ro. 

To the Sine of the ſide N O, 31 deg. 14 min. x0.71 
Take N O, 3: deg. 41 min. out of P, 51 deg. 32 min. the remainder wall ie 

z0deg. 18 min- for P O. 7 

3. The Sines of the Hypotenuſes, and Perpendiculats of the Triangles R O Þ 
and N O B, being ptoportional, you may dcal with both the Triangles together? 
for the finding of RP: For, | , ff 
As the Sine of the Hypotenuſe B O, 64 deg. 41 min. Co-4. — , _004} 

to the Sine of the Hypetenuſe Þ O, 20 deg. 18 min. | Sond 
$ is the Sine of the Perpendicular N B 60 deg. — 993753 

Toth Sine of the —_— RP, 1g deg. 25 min, —— _T9-52162 
Which 19 deg. 25 min. R P, is the Height of the Pole or Stile above the Plain. 

4. In the Triangle R P O, you have given, (1) RP, 19 deg. 25 min. the Diſtance 
of the Subſtile from the Meriians (2)r OV, 20 deg. 7? min. tofhnd R O. 

A the Co-Sine of R Þ, 70 deg. 35 min. TEE DIA 0.07455 

k to the Radius P RO, 00-deg- | |, ——_—_— — 10. 
$ is the Co-Sine of P O, 69 deg. 42 min. —— — 19.97215 

Tothe Co-Sine of R O, B3 deg. 58 min. —  — 9097 3 
Whoſe Compicmemt 6deg; 2 min. is cqual to R O, the Diſtance of the Subſtile trom 
the Meridian. | | 

5. In the ſame Triangle R Þ O, whoſe three ſides are all given, asalſo the right 
7 at R, by which you may find the Angle RP O, ear wo ZPQ, the Plain's 


Triangle B N O, there isgiven, (1) the fideBO, 
of the Meridian from the Horizon ( Q the Angle 
O. ; 


Ditterence of Longitude : For, 

As the Since of P O, 20 deg. 18 min. © —— — 954925 
Is to Redins, the Angle O R Þ, godeg. — —— 19, | 
1s the Sine of the fide R O, 6 deg, 2 min: —— —— Ig 02163 


Torhe Sine of the Angle RP O, 17 deg. 3B min —— — v.48138 
hich #9 deg. 38 min.. is the Plain's Difference of Longitude. 
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This 17 deg. 38 min. is but x Hour, and 2 deg, 
— 8 min. of the EquinoCtial over, ir denotes ( the 
Latitude, &, Fl - 32 lain declining Eaſtward ) that the Stile muſt land 
Declination, 39.90 | herween the Hours of 10 and 11, a ſmall diſtance 
Reclination, Jy 22 | beyond 10: Wherefore prepare your Table 
— _—_ RS) and ſer down all the Hours the Plain is capable to 
Diſt. Mer. & Hor. 64 41 receive, as from 5 in the Morning, till 4 in the 
Stile's Height, 19 23 | Afternoon ; ahd-between the Hours of 10 and II 
Deflexion, _ 6 5g write Subſtile, and under it, . the 2 deg. 38 min. 
Difference of Long. -17 3 remaining, which ſubtraCt trom 15 deg. and the 
JP BY remainder 12 deg. 22 min. fet over Subſtile, and 


Hours | Equin. True | by the continual addition of 15 deg. totheſe num- 
from | Diſtan- _ Dr th above and below the word Subſtile, you __ | 
| Noon. | ces. ITS: produce ſuch numbers as thoſe in the Second Co- 


lumn of this Table arc. | 
Now: for the Hour-diſtances. upon the Plain, 


FL 7197 22[02 7 | they are found by the uſual Canon, »iz. | | 
192: 24146 WY | | 
7 E457: 22 | 27 26 | As the Radius YO deg, _19.00000 
B 4[42 22|16 - 52| . To the Sincofthe Stile's Height 5 
0: 3127 22l © 46] Ig. deg. 25 min: in: $-. | WER 
410 {-2{12 22] 4 19; Soisthe Tang. of 42d. 22 m. Equi. p Pp 
| The {'-Sub- | ſtile... diſt. for 8 and 4 a clock. 990902 
i +} 2-38] © 53 To the Tangent of 16 d. 52 m. 
=;117; 35] 6-.. -2 the-truc diſt. of. thoſe Hours x9.48173 
«110533 36[12 -.1 * upon the Plain frgp the Subſt. 


2 10147. 38|20, | And-ſo for all. the reſt of the numbers: in the : 
| 3 gs. G2 30 3 p +? | . Table: And having found all the Requilites, you 

4 177 3015 35]. may by a Scale of Chords transfer them, and the 
| p-1 Hour-diſtances alſo from this Table to your Plain, 


.._. IL. By the Spherical Projection. | 
x. For O B, A Rulcr laid from Q. the Pole of the Plain, ro O, will cut the 


Primitive Circle at 64 deg. 41 min. from B, and that is the diſtance of the Meridian 
from.che- Horizon. | | : 

2:. For PR, A Ruler laid from b, the Pole of the great Circle RP Q, tothe 
Points R and P, it will cur the Primitive Circle in two Points, diſtant one from the 
other 19deg; 25 min. for P R which is the Height of the Pole above the Plain. 

3. For R ©, A Rulerlaid from Q to R and O, will cnt the Primitive Circle in 
two Points, diſtant from cach other 6 deg. 2 min. for R O, the Deflexion, or Sub- 
ſRile's Diſtance from the Meridian. | | 

4. Forthe Angle RP O,: (or rather the Angle AP Q),) a Rulcr laid from P toG, 
where the Arch of the great Circle R P Q crofles the Equino®1al, will cut the Pri- 
gn tha Circle, at 17 deg. 38 min. from S, which is the.Plain's Difference of Lon- 

itude. t | 
X 5. For the Hour-diſtances —_—_ che Plain, A Ruler laid upon s, ( which is the 
Pole of this Plain CR D in the Fundamental Diagram, ) to the Interſections of the | 
ſeveral Hour Circles with that Plain in the Fundamental Diagram, will give upon 
the Primitive Circle the true Hour-diſtances upon the Plain, and will be the 'ſame 
as inthe foregoing T able. | 1 


III. The Geometrical Protra&ion of thrs Dial. 


Towards the bottom of thePlain, ( becauſc the Centre muſt be downwards, and 
Stile and Honr-lines point upwards, ).. draw a right Line A C B, making choice of 
the Point C for the Centre of vour Dial; upon which, with 60 deg. of your Chords, 

- deſcribe the Semicircle ADEB: Then from B, the 'Eaf end of the Horizontal 
Line, fer off 64 deg. 41 min. the diſtance of the Meridian and Horizon from B tol, 
and draw the Line CI for the Hour line of 12; then take 6 deg.*2 min. and {ct 
them trom I, Weſtward ( becauſe the Plain declines Eaſtward ) to E, and draw the 
Line CE for the Subſtile: Alſo take 19 deg. 25 min and ſerthem from E, on either 
{ige, to D, and draw CD for the Stile of the Dial. And laſtly, Upon the Semi- 


circk 


—— 4 2 44 <wwonnes ak y 
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citcle ADE B, ſet off all the Hour-diſtances, as you find them in the fotegoing 
ial; 


' Table, from the Subſtile art D, ſo Lines drawn from C the Centre of the 
through thoſe Points, ſhall be the Hour-lines proper to that Plain; and fo is your 
Dial finiſhed, as 1n Figure XVII | 


CHAP. XV. 
Of North Declining Reclining Plains, how to find the ſe- 


veral Requiſnes to them belonging, and the Hour-Di- 


ances proper to each Plain. 


Of North Declining Reclining Plains, there are the ſamic Vaticties as in South Res 
cliners declining, namely, three; for ro any Declination, a Reclination may 
be fitted; ſo that the Plain may paſs by the Interſection of che Meridian with the Equi- 
notial — Or the Reclination may be ſuch,that the Plain may paſs berween the Zenuh 
and the Equirioftial,— Or it may recline ſo, that the Plain ihall paſs berween rhe 
Equator and the Horizon, ofall which Examples follow, 


I. The firſt Variety : Of a North Plain Declining Weſtward 6o deg. and Riclining 
4 from the Zenith 32 deg. 11 min. : | 

In the Fubdamental Diagram ſuch a Plain is ton the Citcle AE B; 
the Pole whereof isat t; and thePlain it ſelf paſſeth through; at the IncerſeQtion 
of the Meridian with the EquinoQtial Circle W A E. | 

In this Scheme the Circle B G A, reprc- BE 
ſents the —_— HY Plain; Q the | B 
Pole thereof, E = Arch of a great 
Circle, paſſing through the Pole of the” 
World, and Q the Pole of the Plain; which 
in this Example comes to be the ſame with 
the Hour-Circle of 6, W PE, inthe Funda- 
mental Diagram, the Poke whereof is at &: | 
$o that in this Dial, the Hour-line of fix 
and the Subſtilar Line will be the ſame: And 
before the Hour-diſtances can berfound, rwo 
other Requiſites muſt be had, 23. 

1. The Diſtance ofthe Metidian from the 
Horizon A A. | 

2, The Height of the Pole of Stile aboye - .* IIS U082'% 3-4 
the Plaia P R: And for thie finding of them, you muſt reſolve the tn Ros 
Triangles Z G A, right Angled ar-G, and the adrantal Triangic Þ A R, made 
by the interſection of the feycral grear Citcles of the Sphere, and thoſe relating to 
tno Declining Plain, 


TL. By Trigonometrical Calculation, rag 
Ithe tight Angled Triangle Z G A, there isgivcn (1) Z G, the Plaitts Recli- 
nation 32 deg. 11 min. (2) the Angle A ZG, He Plain's Declination 60 deg: by 
which you may find AZ G. 
-Fo the Tangent of X Z G60 deg. the Detlination  ——— 10.23856 
$0 is the Sine of Z G 32 deg. 11 min. the Reclination — X 
Tothe Tangent A G 42 deg. 42 min. | — 


I 


Whoſe Complement 47 deg: 18 min. is the Diſtance of the Meridian fron! the 
of izO, 


H.; For 


. 
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II. For Þ R, the Height of the Pole above the Plain. 
In the Quadrantal Triangle P AZ R. 


As the Sine of A G 42 deg. 42 min. — MPA 
To Radius A R.go deg. . unm———s — -903133 
So is the Tangent of Z E 32 deg. 11 min. hm ww 
" 19.79887 
To the Tangent of R P 42 deg: 52 min. "INI EE: — 
Which is the Height of the Pole, or Stile above rhe Plain. 4 


. and 4. For the other two Reguiſites, the Diſtance of the Subſtile f ; 
dian R A, and the Plain's Difference'ot Longitude Q Þ A. or FI P gy. 
ther of them go deg. as is evident in the ProjeQion. | 
| \ - And for the Hour-diſtances, they are calcul:- 
ted as thee Hour-diſtances for an "mages Dia 


-- ar oil N. 2 3 i are we 4 5g 2 —_ is here done letting 
onion 5 0A e EquinoQial Diſtances againſt their proper 
2 ZOE: IR —_ 5 CO by the general Analogy or 
| Diſt. Mer. & Hor. yo08 5 32f's 
Stile's Height | $i 52 rn SOurge TTY. 7 Ps I0.00006 
| eX1O0A 90 OO o the Sine of 42 d. 52 m. the 
Difference of Longit. go 00 Scile's Height : 983270 
7 7 ; — - | So:isthe Tangentof 15 deg. &c. 9.42805 
outs:| Equino- ruc |} + .Tothe Tangent of 10d. 20m. 19.26075 
from | &ial Di- | HoursDi-| . | ; 
Sb | ances. | ances. For the two firſt Hours from fix the Subſtile, 
CEE Lf adhere } Ol -_ —_ hide; and fo for all the reſt, 
| 'Þeg. Min- | Deg.Min. ' n:tHQc 12906, SS 
6 | © ol © oof '*- IE. By Spherical Projedion, 
7 515 ,09]10 29) x. For A A, ARuler laid fromQ, the Pol 
8 4]39 oo|[2I 27] gofthePlain A GB, will cut the Primitive Circk 
9 3 g 00134 174} at 47 deg. 18 min. from A, and that is the di- 
10 3 CO 2 #1 |. ſtance of the Meridian from che Horizon. 
v3 js F-27088 y- 2, For PR, A Ruler laid from A, the Pole 
| I2 [90 oaolg9P 2] of thegreatCircde WP E, toR », will cur the 


| OS Primitive Circle at 42 deg. 52. min. fftom N,; 
and that is the Height of the Pole, (or Stile) above the Plain. - Meet 
3. For £ R: A Ruler laid from Q,co Rand &, will car the Primitiye Circle 
= wy. Points, whoſe diſtance will be go deg. for ghe Subſtile's Diftance from the 
eridian, | 
, For the AngleQP Z, or APR, cither of them are 5$o deg. for the Plains 
Difference of Longirude : For it is evident from 'the Scheme? thar all the ſides of 
the Triangle Q A KR arc Quadrants, and conſequently all the Angles right Angles. - 
5. For the Hour-diftanccs, they maybe found by applying a Ruler to r, the Pole 
of the Plain A A B inthe Fundamental Diagram, and to the ſeveral Interſetions of 


_ the Hour Circles therewith, and it will cut the Primitive Circle at ſuch diſtances as 


Fig. X VIII: 


are ſet down in the foregoing Table. 
In this Dial, the Hour-line of 6 is the Subſtile ; and the Meridian (or Line of 12) 


is diſtant from it 99 deg. ſothat they cut cach other at right: Angles, as in all dire 
Dialsthey do: And indeed this Dial 1s no other than an Horizontal Dial, for the 
Latitude of 42 deg. 52; min. if you call the Hour of 6G, che Hour of 12, and io 
the reſt in order. | $5 | 


-HI. The Geometrical Protrattion of this Dial. 


About the middle of the Plain, draw an Horizoncal Linc A B, and upon any 
part thereof as C, with 6o deg. of yaur Chords, deſcribe a Circle A E B D, upon 
which from A ſer off 47 deg. 16 min. the Diſtance of the Meridian from. che | 0- 
rizon, to D, and draw C D for the Hour-line of 12 : Alſo take go deg. and et 
them from D toG; and draw the Line'C G for the Subſtilar and.Hour-line of fix: 
Alſo take 42 deg. 52 min. and fer them from G to E, and draw C E for-che. Sile 
or Axis: Laſtly, by help of your Scale of Chords, ſer upon the Circle E GA D, 

| t 
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the Hour-diſtances as you find them in the Table, both ways from G; = | 
| which points, draw Lines from C; and ſo is your Dial fnited; in Fig. xy gael 


II. The Second Variety, Of a North Plain, declining Weſtyard 60 deg. and reclining 
from the Zenith 16 deg. 


This Plain in the Fundamental Diagram, is repreſented by the Circle B X A, 
and paſſerh berween the Zenith and the EquinoCtial, whoſe Pole is atv.” But, 
In this. Scheme it is repreſented by 
AOR B, interlccting the Meridian at O, 
between the Zenith and the Equinodtial, 
che Pole whereof isat Q, andQ PR is an 
Arch of a great Circle, pafſing through P the 
Pole of the World, and Q the Pole of the 
Plain, and cutterh the Plain at right Angles - 
in R; rhe Pole of which Circle is at F: 
Theſe Circles, by their Interſe&ions with | 4 
the Circles of the Sphere, do conſticute ſe- & 
veral Spherical Triangles, whereby the Re- >< 
quifutes belonging to this Plain may be found, F 
and Four things muſt be known before the | 
Hours can be drawn, 212. | N 
1. The Diſtance of the Meridian from the < 
Horizon A O. 


2. The Height of the Pole or Stile above the Plain P R. | it 


3. The Deflexion, or Diſtance of the Subſtile from the Meridian R ©; 
4 The Plain's Difference of Longitude O P R. " 
All which may be tound as followeth : 


| I. By Trigonometrical Calculation. 


1, For A O: In the right Angled Spherical Triangle Z H O, right Angled at H; 
there is given, (1) the {ide Z H the Reclination, 26 deg. (2) the Angle Z HO 
the Declination 6D deg. to find the fide A O, | 
"As the Radius go deg. —_—_ | — I0.00000 

Is co the Sine of Z H, the Reclination 16 deg. — 9-44034 
So is the Tangent of H Z O, the Declination 60 deg. — 10.23856 


Tothe Tangent of H O, 25 deg, 3: min. —— X9.67 
vu Complement 64 deg. 29 min. is A O, the Diſtance of the Meridian and 
OriZON- 2 200 


2 ForP R: In the Triangle P R O, in which there is nor yet enough given; - 


wherefore the {ide P O, in the Triangle H O Z, muſt farſt be found, thus: 


As the Sine of HZ O, the Declination 6s deg. —_ __ 9-93753 
I to the Radirs | 10. | 
$9 is the Sine of H O, the Arch before found 25 deg. 31 min. _19.63425 


To the Sine ZO, 29 deg. 59 min. 9. 2 
Unto this Z O, 29 deg. 50 min. add Z P, 38 deg. 28 min. the Summ will 
68 deg. 18 min for the fide P O, | | 
And now the rwo Triangles O Z H, and R OP, being proportional; the fide 
P R may be thus found. | ; 
As the Sine of the Fypotenuſe O Z,, 29 deg. 50 min. Co-Ar, - 0.30322 
Is to the Sine of the Hypotenuſe O P 68 deg. 18 min. — 9.96807 


So is the Sine of the Perpendicular H Z, 16 deg. 9.44934 
To the Sine of the Perpendicular Þ R, 30 deg. 59 min. x9.7 1163 


Which 3o deg. 59 min. 1s the ſideP R, the Height of the Pole or Stile above the 


Plain. 


3. For OR: In the two former Triangles; the Sines of their Baſes, and Tan- 
gents of their Perpendiculars being proportional, OR may be found, thus: 
| _ 41 


Wake W 
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As the Tangent of the Perpendicular Z H, 16 deg. Co-Ar. 10.5 4251 | 
Is ro the Tangent of the Perpendicular Þ R, 30 deg. 59 min. 9.77849 
So is the Sine of the Baſe H O, 25 deg. 31 min. ro IE 


-1c of the Baſe R O, 64 deg. 26 min. | | -  "p—— 
ox gong} min. is the Deflex1ony or Subſtile's Diſtance from the Mcridia? 
FOR... 


4. For the Angle OP R, that may be found in the ſame Triangle PR O: Thug, 


As the Sine of Þ R, Zo deg. 59 min. trre——— — 97116; 
Ito the Radius Þ R O, 5$O deg. - —_— — — 10. 

So is the Tangent of R O, 64 deg. 26 min. | — — 20.32020 
To the Tangent of O P-R, 76 deg: 19 min. —_ 0.69857 


Which 76 deg. 10 min. isthe Angle O PR, for the Plain's Difference of Longitude 
5. For th: Hour-diſtances: In this diſtance is contained, ©&c. 


— 


Latitude | LEE 
Declination GO OO 

| |Reclination I6 ©O 
* # WIS NINESITCOS GE oo 
Diſt. Mer. & Hor. 64 29 In this diſtance is contained five compleat 
Stile's Height 30 59] Hours, and 1 deg. 19 min. more, wherefore 
Deflexion _ 64 26| the Stile muſt {ſtand between the fifth and 


Difference of Longitude 76 10| ſixth Hours from the Meridian. Prepare 
———_- thcrcforc a Table as is hc. donc, and write 

p | Hour Di- | down all the Hours, and between the Hours of 
Hours | Equino- | | ſtances 5 and 6, or G and 7 ( which are all one, ac- 


from the | tial Di- | from the | cording asthe Plain declines Eaſtward or Weſt- 


Subſtile. | ſtances. Subſtile. ward ) write Subſtile, and under it, the re- 
WE  mainder 1 deg, 10 min. againſt 7 and 5, which 
ſubtra& from 15 deg. and there will remain 


—— 


| Deg.Min: | Deg.Min. 


| u— 


Fi 2018 50187 . 44} 8 _ o min. which write over Subſtile 
| 2 11]|73 $5o|6 37, againſt the Hours of Gand 6. And ſo by the | 
3 9 | 58 50 | 40 24 | continual addition of 15 deg. to the numbers 
4 43 5o|26 1S| next aboycand below Subſtile, you ſhall pro- 
5 7 | 28 5O | I5 49 | duceſuch numbers as this Table affords in the 
6 6{|13 59| 7 23| ſecond Column thereof; from which num- 
The Sub ſtile. | bers, which arc Equinoftial Diſtances, the 
7 x1 it to © 3$| true Hour-diſtances upon the Plain, may be 
Bj 4116 20] S 29 colletted by this Proportion. 
| 9. 3 JI IO | 17 I 
315 20|25 12 a 
tel! 21 GT IO | 43 J 
| 12 - 12 | 76 10 | 64 26 | 
As Radius go deg. —_ ain SS CIP 10.00009 
To the Sine of 30 deg. 59 min. the Stile's Heigh — 9.71163 
So isthe Tangent of 88 deg. 50 min. the firſt EquinoCtial diſtance, I I-Gg112 
To the T angent of 87 deg. 44 min. — — "21-4027 


Which isthe true Hour-diſtance of the Hours of 1 and 11, upon the Plain from 
the Subſtile; and ſo doing for all the reſt, you ſhall produce ſuch numbers as the 
third Column of the Table affordeth, which may be transferred from this Table, 
by help of a Scale of Chords; andſo is your Dial finiſhed. | 


II. By Spherical Projedtion. 


i. For A O; A Ruler laid from Q, the Pole of the Plain to O, the Interle- 
Qion ofthe reclining Plain with the Meridian; it will cut the Primitive Circle at 
G4 deg. 29 min. from A, and that is the diſtance ofthe Meridian and Horizon. 

2. For P R: A Ruler laid upon F. the Pole ofthe great Circle QP R, toP andR, 


will cutthe Primitive Circle in two Points diſtant from each other 30 deg. 59 Milt 


and that is the Height of the Pole or Stile above the Plain, 


3. Fot 


4 . 
- td Fu 


s 
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3- For NO: ARuter laid roQ., and the Points R and O will cur the Primi- 
tive Circle in two points Wiſtant from each other 64 deg. 26 min: and ſuch is the di- 
ance of the Subſtile from the Meridian. EE | | 

4. For the Angle O PR: A Ruler laid from Þ the Pole of the World, toG, 
where the Areh of the great Circle Q PR croffeth the EquinoRial Circle W = E: 
it will cur the Primitive Circle at 76 deg. 10 min; diſtant from S; and that gives the 
Plain's Diffetence of Longitude. 


. For the Hour-diſtances upon the Plain: A Ruler laid upon », ( which is the 


Pole of this Plain B X A, in the Fundamental Diagram ) to the ſeveral InterſeQi- 
ons, where the Hour Circles there do cut the Reclining Plain, it will upon the Pri- 
mitive Circle give ſuch Diſtances as are exhibited in the third Column of the forego- 
ing Tablc- | 


II. The Geometrical Protradtion of this Dial. 


About the middle of the Dial Plain, draw an Horizontal Line A B, and towards 
the end thereof as at C, afſume a point for the Centte ofthe Dial, and upon C de- 
{cribe part of a/Circle D E F, upon which, from A, ſet 64 deg. 29 min. the diſtance 
of the Meridian and Horizon, and draw C D for the Hour-line of 12, through the 
Centre; to:D above: Alto take 64 deg. 26 min. the diſtance of the Subſtile from 
the Meridian, and ſerthem from D above to E, and draw CEfor the Subſtile. Then 
take 3o deg. 59 min. rhe Height of the Pole or Stile aboye the Plain, and ſet them 
from Eto F, and draw CF for the Azz. Laſtly, Take.the Hour-diſtances as you 
findthem inthe third "Column of the Table, and ſet them off upon the-Circle from 
E the Subſtile, ahd through the ſeveral 'Poitts draw Lines fronyC the Centre + $0 
is your Dial finiſhed, as in Figure XLX. 


NM. The Third Variety.of a North Plarg, declining Eaſtiward GO des. and teclining from 
the Zenith 54, deg. 


A Plain according to. this Declination and Reclination, is repreſented in the Fur- 
damental Diagram, by the Circle B T A, whoſePole is'at x; Bur in this Scheme 
it is -repteſented by the Arch of a great | 
Circle A O F R B, whoſe Pole is arQ, Je. 

and interſe&s the Meridian at O; the Plain Hh 

paſſing berween the Horizon and the Equi- 
nottial; and Q ÞP R is the Arch of ano- 
cher grear Citcle, paſſing through Þ che Pole 
of the World, ſc) ahi Pole of the Plain; 
by the Interſe&ions of his great Circiilar Arch; 
and the Circles of the Sphere are conſtituted 
leveral Spherical Triangles; by the reſolution 
of which; the four Reguiſites belonging tothis 
Plain, before the Hour-lines can be drawn, 
may'be found ; and they arc 

1. The Diſtance of the Meridian and Hori- 
zon A O. | 

2. The Height of tlie Pole or 'Stile above 
the Plain P-R. 

3. The Deflexion, or Subſtile's Diſtance 
from/the Meridian O'R, or R X. | 

4: ThePlain's Difference of Longitude OPR, or X P'R: 

And theſe Reguijites may be owes. as followeth, 


I. By Trigonometrical Calculation. 


1: For A O: In the Triangle Z F ©, there is —”—u Z'F, the Reclination Z F, 


54deg. (2) O Z F, thePlairrs Declination, with the right Angle at F, to find F O-. 


As the Radius Z;F O, go deg. —— — ——_—_ _I0.00009 
Is tro the Sine of ZF, the Reclination 54 deg/—Oomn— —— 9430795 
50 is the Tangent of O Z. F, the Declination 69 deg. —— —— _10.23856 
Tothe Tangent of Þ O, 54 deg. 29min. 10.1465I 


Whoſe ComplementgA ©, 35 d. 31 m-isthe Diſtance of the Mer. fromthe-Horizon. 
| Vyvuvvz2 | 2: For 
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| 2. Fot R O: In the Triangle OP R; there is not yet enough given; therefore find 
the fide Z, O in the Triangle O ZF. Thus, i 


As the Sine of O Z F, the Declination, 69 deg. Nod + Dd. 93753 

Is to the Radius go deg. —— mm * a on be 
$0 is the Sine of O F, the diſtance of the Merid. and Horiz. 54d. 29 m. I9:9105g 
To the Sine of Z O, 70 deg. 2 min. {/ a SE wn 


Tothis 70 deg. 2 min. add ZP, 38 deg. 28 min. th: Summa is 108 deg. 30 min. 
| axle Tow. gh to 180 deg. isÞX, 71 deg. 30 min. , : hok 
Then in the rwoTriangles, O Z F and O P R; whoſe Hypotenuſes and Perpendicy; 
larsare propottional: | 
As the Sine of the Hypotennſe O Z,, 70 deg. 2 min. Co-Ar. —_ - _0026% 
Ito the Sine of the Hypotenuſe P X, 71 deg. 30 min. — "997695 
So is the Sine of the Perpendicular Z F, 54 deg. — — 90796 
To the Sine of the Perpendicular P R, 54 deg. 43 min. q—_ X9.G1185 
Which 54. deg. 43 min. is the Height of the Pole, or Stile above the Plain. 
3. For R O, or its Complement to 180 deg. RX, if you continue the ſides O p, 
and OR to X, you will conſtitute another Spherical Triangle X BP, in which you 
are to find the Baſe X R. T hus: 


Asthe Tangent of the Perpendicular Z F, 54 deg. Co-At. _ 9.86126 
Is to the Tangent of the Perpendicular PR, 54 deg 43 min. 10.150 
$o isthe Sine of thg Baſe F O, 54 deg. 29 min. | — _ _9:9195g 
To the Sine ofthe Baſe R X, 56 deg. 42 min. — — _- 29.9226 


Which 56 deg. 42 min. isthe Deflexion, or Subſtile's Diſtance from the North part 
of the Meridiah: whoſe Complement to 80 deg. is 123 deg. 18 min. its dia 
from the South part thereof. 


4. For the Angle O P R, or its Complement to 180 deg. X PR. 


'As the Sine of P R the Stile's Height, 54 deg- 43 min. — _ 9-g1184 
Is to the Sinc of Þ R X, Radius $0 deg. HE — IO. 

So is the Tangent of R X, the Subſtile's Diſtance 56deg. 42 min, « 2018254 
Tothe Tangent of RP X, 61 deg-. 48 min. EO 10.27067 
Latitude WL y. | Which is the Plain's Difference of Longitude, 
Declination Go ©O R P X being 61 deg. 48 min. is the Angle 

Reclination _ 54 ©2 counted from the North, therefore the An- 

| Diſt. Mer. & Hor. 5 31 glcO PR, the Complement to 180 deg. is | 

Stile's Height 54 49 118 deg. 13 min. the Plain's Difference of 

Deflexi 123 29 Longitude reckon'd from the South. 
cflexton | 1 56 41 Thele things prepared, I procced to make 


| Differ, of Long: G61 74| Subſtile, wherein conſidering that the Angle 

"Hours | Equine- | Ho. Diſt. | P, the Plain's Diflcrence of Eads, 15 113 
from the | &ial Di- | from the | deg: 12 min. reckon d from the South, whereof 
Subſtile. | ſtances. Subſtile. go deg. is auſwerable to 6 Hours, and 105 to7 


| Deg. Min: | Deg. Min. | -it is evident, for the Subſtile muſt be drawn 
I1 11/76 47{73 57j berween the 7th and 8h Hour from the South 

i2 i6t 47/50 -'41| part of the Meridiay, or between the 4th of 
11146 47140 59 | 5th Hour, reckoned from the North part 


' 
a 
"- 


I 
| 2 10|32 47,26 50{- Whereforeſet the Hours down as in theTa- 
F 3 9116 ' 149 I3 5o| ble, and berween the Hours of 4 or 8, and 5 or 
4s ISET.- jay x 27 | 7, write Subſtile, ſerting the remainder 31 deg 
The Sub- | Atile; 13 min. over Subſtile, and by the continual ad- 
F 12613 13 | 10 5x1 | dition of 15 deg. to both theſe numbers, yol 
© 61]28 13 | 23 39] ſhall produce the Equinottial Diſtances, as in 
7 514 13/37 29 the Second Column of the Table. And thof: 
8 4|[58. 13|52 48| by the general Canon, will help you tothe 
{9 3573 73/5 43| true Hour-diſtances upon your Plain. For, 
20:12 | 8&8 13187 49 


_” 


As 


; : : I 
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t18 13| the Table for the Hour Diſtances from the 


Hours, and there is yet remaining 13 d. 13m. | 
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Secondly, 
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Thirdly, 
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adius 992 deg» , hs es Hoa) 2000ne 
Sine of 54 deg. 43 min. the Stite's Height. 0.91185 
mn [pond a a I3 Mm: the Equinoctia Diſtance for 6 a Clock, _ 9-72903 

Tangent of 23 deg. 39 min- — ——  To6qtd8 
og he s Jiſadcs of the. 6 a Clock Hour from the Subſtile of the Dial. 


nd thus continuing this proportion through all the Equicory Diftances, You will 


ie end have ſuch numbers ro every Hour as the third Column of the Table ſheweth, 
-h ar: the true Hour-diſtances counted from the Subſtile upon your Plain. 

he Meridian, Horizon, Subſtile, and Hour-diſtances, may be transferred from this 
le to the Lial Plain at pleaſure, by help of a large Cord and Beam Compaſſes. 


II. By Spherical Projection, 


' For AO: ARuler laid from Q , the Pole of the Plain to O; it will cut the 
nitive Circle at 35 deg. 3i min. from S, which is the diftance of the Meridian 
n the Horizon: ZR Y | 
 ForPR: A Rulet Jaid from G, the Pole wof the Arch of the great Circle 
'R, rothe points PandR, ir will cur the Primitive Circle in two Points, the 
ince berween which will be 54 deg. 43 min, for the Height of the Pole, or Stile 
ve the Subſtile. | 

. For OR: A Ruler laid fromQ, to O and R, will cut the Primitive Circle 
vo Points, whoſe diſtance will contain 123 deg. 18 min- the Subſtile's Diſtance 
n the South patt ofthe Meridian; whoſe Complement to 1d deg. is 56 deg: 42 
. its Diſtance from the Nerth part thereof. | RET 

| For the Angle OPR: A Ruler laid from P the Pole of the World, to R the 
rſetion of the reclining Plain, with che Equino&tial Circle, will cut the Primi- 
Circle at 118 deg. 13 min. from S, which 1s the Plain's Difterence of | ongirude. 
or the Hour-diſtances upon the Plain - A Ruler laid x, (which is the Pole of this 
nBT A, in the Fundamental Diagram, ) to the ſeveral Interſc&ious of the 
ir Circles with che reclining Plain ; it will give ſuch Diſtances upon the Primi- 
Circle, asare in the third Column of the toregoing Table. 


III. The Geometrical Protradtion of this Dial, 


iIrit, Draw the Horizontal Line B C A,” about the middle of the Plain: In any 
thereof, asat C, place the Centre, atid with 6o deg. of the Chords, deſcribe rhe 
le ADEFB, and trom the Weſt point thercof, ſer 35 deg. 31 min. the Diſtance 
he Meridian from the Horizon, from Ato O, and draw the line O CG, for 
Hour-line of 12. ; | 

xcondly, From Gz the North partof the Meridian, ſet the Diſtance of the Subſtile 
5 _ Meridian from G.to D, and draw the Line C ÞD for the Subſtilar Line of 

tal. | 

*hirdly, From D to F, ſer 54 deg. 43 min the height of the Stile above the Sub- 
, and draw the Line CPF for the tile; _ CS 

altly, For the Hour-diſtances, they muſt be taken out of the Table, anid by the 
ds ſet upon the Circle from D the Subſtil}ar ; upon which the Stile 6r Axis C F 
g creed perpendicularly above the Subſtile, your Dial i& finiſhed, as in Fjg. XX. 
nd thus have you in this one (and in all the ſix Varieties of North and South 
lining Decliners) Dial, ( as hath been often before intimated ) made Fonr ſe- 
] Dials; viz. This for one; and his oppoſite South deelining Eaſterly 60 deg. 
inclining to the Horizon 36 deg. ( which is the Complement of this Reclinari- 
) Alſo, a North Declining Eafterly 60 deg. and: Reclining 54 deg. And his 


pſte, South Declining Weſtetly 6o deg. and Inclining ro the Horizon 36 deg. 
by drawing the Hot-Lines, Stile and Subſtile; quite through the Centre ; and 
ing the Dial up and down, Stile and all; and changins the Figures of the Hours 
Forenoon or Atternoon ; according to the Nature of the Plain ; and as Reaſon ir 
will ſufficiently dire& ; and as is already done itt an upright Declining Dial in 
rc VI. and in an Eaſt and .Weſt Reclining Dial Figure VU | 


DIATL- 


Fig. XX; 


Figure VL 
Fig. VIIE 
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DIALLING 


Geometrical and Inſtrumental. 


PARTS Il, and II 


oY _ 
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metrical Way may be performed by the Circular Scales of Natural Sines 

Tangents, and Chords, ſct upon the Ruler, whoſe ConſtrufQtion is ſhewed 

in Book 3- Part 2. Page 396. of Spherical Projetion, and therefore I ſha] 

ſay nothing of their Conftrution here ; for that the fame Scales are inſcribed upon 

the Edges of the Quadrant owing. by which L intend to ſhew how, Inſtrumental- 

Iy, to make Dials upon all ſorts of Plains. As for the —_ of the Situation of any 

Plain, in reſpe& of Declination, Reclination, or both; I refer you to Books, 

Part I. Chap. 1. and 2. hereof: And therefore the Work of this double Part ſhall 

be to ſhew how to deſcribe Hour-lines, and to find all other Requilites belonging 

to any Dial-Plain in any Latitude : And thar, þ 
I. Geometrically, By the Scales inſcribed upon the Sides of the Quadrant : And 

IT nſtrumentally, By the Scales and Circles delineated upon the Superficics (or Plain) 

of the Quadrant. | | | 


T! HESE Two Parts I ſhall unite in one, and that for this Reaſon; The Geg: 


Pe A _ { 


CHAP. L | | 
| A Deſcription of the Quadrant. 


#. YE Limb of the Quadrant is divided into 99 equal Parts or Degrees, accor- 
ding to the uſual manner, and fub-divided into as many equal Parts, as the 
bigneſs thereof will permit z; and numbred by 10, 20, 39, 4c. to go degrees. 

2. 'On that Edge of the Quadrant which is next to the.Left hand, where the de- 
grees of the Limb begin-to be numbred, is a Scale of Natural Tangents, the whole 
Scale containing 63 deg. 27 min. fere. Numbred by 19, 20, 30, Wc. ro 63 deg. 27. 

3. On the other Edge of the Quadrant, towards the Right hand, is a Scale of Na- | 
tural Sines, Nutnbred from the Centre downwards by 10, 20, Jo, Cc. to go deg. | 
equal r0-45 deg. of the Tangents. At the end of the Scale of Sines, there is a Line 
of Tangents, of 45 degrees, numbred by hours, halves, and Quarters; and is called 
the Scale of Three Hours. | 

T heſe are'the Scales which are inſcribed upon the two Edges or Sides of the Qua- 
drant ; upon the Superficies thereof 1s, 
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- Table- 


- 3. A Line of Hours div1 


. . * 2 . . 
Plain, is ro be raken ; which Line 


A Table for the dividing of the Scale of Latitudes. 


ded into fix unequal parts, and numbered with numeri- 
al Letters, by XIII XI-ILX—ILIX—IV.V II—V.VI and VI at the other end. 
"2a. A Line or Scale of Latirudes, -divided into 90 unequal -parts or degrees; by 
which the Latitude of the Place, or the height of the Pole ( or Stile ) above any 


5 to be divided according to the Numbers in this 


| 
| 
| 
| 


| I| 247 I7 
| 2 | 493 15 
4.3] 739 9 
'| 4 984 20 
| 5 | 1228 | 21 
| 6, 1470 22 
7 | 1711 | 23 
8 | 1949 | 24 
l9 :15| 25 
Io | 2419 26 
IT, 2650 (27 | 
| 12 | 2879 | 28 
I3 | 3104 29 
| 14 | 3325 } zo 
I5 | 3543 3T! 
16 | 3759 32 


3969 
4176 


4378 


4577 


— ——— 


4772 


' 4961 


5146 
5328 


5505 
56705 
5846 


. 60TO 


> —— 


' 6169 
, 6325 
| 6475 


6622 


—_—_— — — — — FR ——_ —— tt OA oper OE OO 
| —————_——} 


33 | 6764 49 | 3519 65 | 9499 
34 | 6999| | 50 =— 66 9539 
35 | 7036 51 | 567 67 | 957 
j 36 | 7186 52 j 8753 68 $615 | 
hikes” þ ts — } ——— — 
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CHAP. Il. . 
To make an Horizontal Dial in any Latitude. 


I. Geometrically, By the Lines on the Sides of the Duadrant. 


Fig. I. BB. our Example be of an Horizontal Dial in the Latitude of 41 degrees. 


| Firſt draw a right Line A B C, for the Hour-line of Six; and 1n that Line 
aſſure C for the Centre of your Dial, Alſodraw the Line CD perpendicular there- 
unto, for the Hour-line of 12. Then, out of the Line of Sines, take 41 deg. the Lz- 
titude, and ſer it from C, both ways, to A and B. Then take the length of the 
whole Line of Sines ( 2. e. ) from o deg. to go deg.) and ſet it upon the Meridian 
( or Hour-line of 12 ) from Cro D; and draw the Lines A D and B D.— Then, 
take in your Compaſles the length of the Line A Dor BD; and ſetting one foo of 
the Compaſſes in the Point VI. of the Line of Three Hours,tutn the other foot ofthe 
Compaſles about, till it do only touch the Thred, ( which is fixed in the Centre of 
the Quadrant ) atid there keep the Thred : ( which may be done by a bit of Wax, 
a Screw, or a Spring fitted for that purpoſe. Then, ſer one foot of the Compaſſes 
in the Point V and VI of the Line of Three Hours, and open the other till it do 
but only touch the Thred ; and ſet that diſtance from D to 7, from D to 5, ftom A + 
to 1, and from Ato 11.—Alſo, ſet one foot of the Compaſles in the Point LV and 
VIII of the Line of Three Hours, and open the other to the neareſt diſtance to the 
Thred ; and ſet that diſtance from D to 4, from D ro8; from A to 2, and fromB 
to 19—Again, ſer one foot of the Compailes in the Point IX and III of the Line of 
Three Hours, and open the other till it do only touch the Thred, and fet that di- 
ſtance from Dto 3, and from D to 9;'and (if you have committed no former Er- 
ror in your Operation ) this diſtance ſhall divide the Lines A D and B D into two 
equal parts in the Points ; and lier If from the Centre C, you draw right 
| ines through the Points 1, 2, 3, &c. 11, 10, 9, QUc. they 

ſhall be the true Hour-diſt 


ances of an Horizontal Dial ' 


Di/tances | for the Latitude of 41 deg. and will be ſuch, if taken out 
Hours. | upon the of a Scalc of Chords, and ſet upon a Semicircle from the 
| _ 1 Plan. Hour-line of 12 both ways ; ſuch as arc exhibited in this 
| | little Table in the Margin. And this manner of work: 
De. Mi.j ing is general for all dirc& Plains beholding dircdtly the 
12 {oo oo; North or South Points, whether they be Erect, Reclin- 
St +54 {57 ing or Inclining ; and therefore by it may be made all the 
to 2 20 4x; {| Dials whoſe Conſtruftion are taught in the 5, 6, 11, and 

ol- [3123-1 16 | 22 Chapters of the Firſt Part hereof :- And theretore 1 thall 
1% 2X 48 39} not give Examples of any of them inthis Place. Only rc- 
T1 5 | 67 47 | member this, that the Stile muſt always be cleyated above 
6 90 oo| the Subſttle, (which in all theſe Plains is CD, the Hour- 
_— -- line of 12 ) ſo much as the Latitude is, as in this Exam- 


| . ple 41 deg. And, as the whole Hours are pricked on, in 
the ſame manner may the Halves and Quarters, by taking the neareſt diſtance to 
the Thred, from the feyeral half and quarter Points in the Line of Three Hours. 


II. Inftrumentally, By the Lines and Arches delineated upon the Plain of the Quadrant. 


Firſt ( as before )) draw the Line AB for the Line of VI, and, ar right Angles 
thereto, C D, for the Hour line of 12.—Then, our of the Line of Latitudes, ( from 
'the beginning of it )) take the Latitude 41 deg. and ſet it both ways from C, to A 
and B—Alfo opt of the Quadrant take the whole Line of Hours, and ferting one toot 
of the compaſſes in A, with the other deſcribe the obſcure Arch bb; and in B, and dc- 
ſcribethe Arch a a, croffing cach other in D.—Then take in your Compaſſes (from 
the Line of Hours the Diſtance from XII ) to V and VII, and ſet it upon the Lines 
DAandDB, from D, to5 and 79-— Alſo take the Diſtance from XII to VIII and 


IY, and ſer it from D to 4, and trom D to 8. Alfo take the Diſtance from XI}, 
ro 
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"0 [1] and IX, and ſet ir from D to 3 and 9g ; then take the Diſtance from XII to II 
and X, and ſcrit from D to 2 and 19.— Alſo take the Diſtance from XII tol and 
XI. and ſet it from D, to 1 and 11,— Laſtly, Lines drawn from the Centre C, 
through theſe Points ſhall be the true Hour Lines for an Horizontal Plain, in the 
Latitude of 41 deg, And by this one general way of working, you may make any 


direct Souch or North reclining inclining Dial ; bur in South reclining Plains, ob- 


ſerve (1,) if the Reclination of the Plain be equal to the Complement of the Lati- 
tude, rhe Plain is a Polar Plain, lying parallel ro the Azis of the World, and muſt 
be made by the direQions in Chap. 1r. Set. 9. Part 1 hereof, Fig. IX. (2,) if 
the Plain recline more than the Complement of the Latitude; then the North Pole 
is elevated above the Plain, ſo much as the Reclination 1s more than che Comple- 
ment of the Latirude, and muſt be made, as in Chap. 11. 'SeCt. 3. Part 1. hereof, 
Fig. XI. ( 3,) if the Plain recline leſs than the Complement of the Latitude, the 
South Pole 1s elevated fo much above.the Plain, as 1s the Difference between the 
Complement of the Laticude, and the Plain's Declinatton and muſt be made as in 
Chap. 11. Se&t. 2. Part T. hereof, Fig. X. Alſo in North recliners; (1,).if the 
Plain recline equal to che Latitude, then rhe North Pole is elevated go deg. above 
the Plain; and the Dial muſt be made as in Chap. 12. Sed. 1. Part 1; hereof, Fig. 
XIL (2,) if thePlain recline leſs than the Latitude, the Reclination added ro the 
Complement of the Latitude, gives the Height of the North Pole above the Plain, 


- and muſt be made as in Chap. 12. Sc. 2. Part 1. hereof, _—— (3,) if the Plain 


recline more than the Laricude, then che Reclination added to the Complement of 
the Latitude, gives the Heighr of the Pole above the Plain; bur if the Sun exceed go 
deg. ſubtraCt it from 180deg. and the remainder is the Height ofthe North Pole, and 
may be made by Chap. 12. Set. 3. Part 1. hereof, Fig. XIV. 


a CT 


CH AP. III. _ 


How to make an upright South or North Dial, declining 
Eafi or Weft in any Latitude. 


I. Geometrically, By the Lines on the ſidzs of the Duadrant. 


J ET ir be required to make anupright Dial, decliningfrom the South, Eaſtward, F ig. I. 


20 deg. in the Latityde of 48 deg. 

Firſt, Draw a right Line A B, for the Horizontal Line of the Plain, and a Line 
CD, Perpendicular thercunto tor the Meridian, and Hour-line of 12: 

Secondly, Out of the Scale of "om take the Tangent of the Latitude 48 
deg. and fer i: from C to G, and the Tangent Complement of the Latitude 42 deg. 
and ſet ic from C to E, and make the parallellogram CEP G, on the lett hand of 
the-Hour-line of 12, { becauſe the Plain declinerh Eaſtward. ) . 

Thirdly, Our of the Scale of Sines, take 20 deg. the Declination of the Plain, 
and fer it from G co M; and fromE to Þ, drawing the Line C M for the Subſtile, 
and CP for the Hour-line of 6. TT, 

Fourthly, Take 70 deg. the Complement of the Plain's Declination, and ſer ir 
from.C to K, and fromi M to N, ſetting M N Perpendicular to M C. 

Fithly, Takethe Sine of the Complement of the Laticude 42 deg. and fer it from 
Cro H, and draw H O, parallel toE F or CG, till it cut the Hour-line of Gin O; 
then make CE equal in C O, and draw the Lines O K and L K, conſtituting the 
Triangle O K E. | | 

Stxthly, Take in your Compaſes, the Line K O; and ſetting one foot in the Point 6 
of the Line of three Hours, tura the other foot abour, till ic do only touch theThred 
which is in the Centre, and there keep the Thred.— Then ſetting one foot in the 
Point V and VII, take the neareſt Diſtance tothe Thred, and fer that Diſtance upon 
your Dial Plain, from K to 7, and from O to 11.— Alſo take the neareſt diſtance 
trom the Pojat VIII and IV, to the _—_ ; and ſct it upon the Plain, from K to $, 

XX X an 
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and from O to 10.— Then take the Diſtance from the Point III and IX, to the threg 


- and fetit from K orOtog; for this Diſtance will divide the Line O K into two 


caual parts in 9.— Then take in your Compaſles the Line'K L., and ſetting one 
'n thelPoine-VI of the Line of - whom hours,bring the I hred to the neareſt TY 
and there keep ir; and take the neareſt Diſtance from the Point V and VII, tg the 
thred, which ſer from K ro 5, and from L to 1.— Alſo take the neareſt Diſtance, 
from the Point LV and VIII to the thred, and ſer it from K to 4, and from |. t, , 
Alſo take the neareſt Diltance frem the Point III and IX, to the thred, and fer it x0, 
Kor L to 9, for this Diſtance will divide the Line K L into two cqual parts, alfo jy 
the point 3. 

LARly. if you lay a Ruler to C, and draw Lines through the ſeveral Pojngs 7.8 
9, 10, 11, and 1,2, 3, 4, 5, they ſhall bethe Hour-lincs. proper for an upright Pjzjz 
in the Latitude of 48 deg. declining trom the South Eaſtward 20 deg. | 


IL Inſftumentally, by the Lines and Arches deſcribed upon the Quadrant. 

Before this, (or any other) declining Dial can be made, »three things mult be frg 
fonnd. 

I. The Deflexion, or Subſtile's diſtance from the Hour-line of 12. 

2. The Hcight ot the Stile aboye the Subſtile. 

3. The Plain's Difference of Longitude. _ | 

And all thele may be found by help of the Limb, and Scale of Tangents on the 
ſide of the Quadrant, and the thred, T hus: : 


I. For the Deflexiun, or Subſtile's Diſtance from 1 2. 


- Set one foot of the Compaſles upon the Sine of the Plain's Declination, ( in this 
Example 20 deg. ) and extend the other to the Centte of the Quadrant: The Com. 
paſſes being open to this Diitance , ſer one foot in the Tangent of 45 deg. and bring 
the thred tothe nearcſt Diſtance, and there keep ir; then ſer one foot in the Tangent 
of the Complement of the Latitude, ( in this Example 42 deg.) and take the nezr. 
ct Diſtarce ro thethred , this Diſtance meaſured upon the Tangent Scale from the 
Centre of the Quadrant, will reach to 17 deg. 7 min. and that is the Letlcxion, or 
Subſtile's Diſtance from the Meridian. | 


IT. For the Height ef the Stile above the Subſtile, 


Set one foot of the Compaſſes in the Sine Complement of the Latitude ( in this Ex- 
ample 42 deg. ) and cxtend the other to the Centre of the Quadrant; and with this 
Dittance, ſerone foot in the Sine ofgo deg. bringing the thred to the nearcſt Diſtance, 
and there keep it; then ſer one foot of the Compailes 1n the Sine of the Complement 
of the Plain's Declination, ( in this Example 70 deg.) and with the other take the 
neareſt Diſtance to the Thred; this Diſtance meaſured upon the Scale of Sines, will 


, 


reach from the Centre to 38 deg. 58 min. And that is the Height of the Stile aboye 


Fig. IV. 


the Subſtile. ' 
Is HI. For the Plain's Difference of Longitude. 


Our of the Scale of Sines, take the Sine of the Complement of the IL atitude ( in this 
Example 42 deg: ) and ſetting one foot inthe Sine of go deg. bring the thred to the 
neareſt Diſtance, and there keep it: Then. take the Sine of the Deflexion ( in this 
Example 17 deg- 7 min. ) out of the Scale of Sines from the Centre, and ſetting one 
foot of the Compaſſes upon the Scale of Sincs, move it along, till the other foot be- 
ing turned about, will only touch the thred; and ſo doing, you ſhall find the Com- 
oy Point to reſt upon the Sine of 26 deg. 6 min: and thar is the Plain's Difference of 


ongitude. 
IV. For the Hour-diſtances. 


» Firſt, drawa right Line A B,for the Meridian or Hour-line of 12,and aſſuming the 


Point Afﬀor the Centre, _ It with 60 deg. of your Scale of Chords deſcribe an 
c 


Arch BC, upon which, ſer the Deflexion, or Subſtile's Diſtance from the Meridian, 
17 deg. 7 min. from B to C, and' draw the I ine A C for the Subſtile: Alſo take 
38 deg 58 min. andferthem from C to D, and draw A D for the Stjle: Then, 
brough the Centre A draw the Line R AT, perpendicular to the Subftilar A B. 
Secondly, Out of the Line of Latirudes, rake 38 deg. 58 min. the Height of the 


Stile, and fet them from A both ways upon the Line R AT, from A, to R _ A 
| 0 
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Points are to be pricked down, as followeth. 


Thirdly, Having recourſe to your Quadrant, and having found before that the 
Plain's Difference of Longitude is 26 deg. 6 min. lay the Thred to 26 deg. 6 min. 
counced in the Limb of the Quadrant, and it will croſs the Line of Hours in the 

int b, ncar three quarters after XI; take with your- Compaſſes the Diſtance from 

II, to the poin rwhere the T hred crofleth the Line of Hours, and that Diſtance ſhall 
reach from V to 12, and from R to 6, through which points draw the Lines A 12 
and AG for the Hour-lines of XIl and VI. Then for the reſt of the Hour-diſtances, 


do as followeth. ; 
The Plain's Difference of Longitude being 26 deg. , — 


6 min from it ſubtract 15 deg. as often as you can, (which Hours. | Subſlile. 

in. this Example is but once) and there will remain 11 deg. | ——— | 

6 min. which being leſs than 15 deg. ſet down in the ſe-= | XI V] ic 05 
cond Column of a little Table, as here, with the word XII 25 06 
Subſtile over it, and then, continually add 15 deg. thereto, I VII 41 ©6| 
and it will be 26 deg. 0G min. (cqual to the Difference of } I VII | 56 o6| 
Longitude,) againft which ſer XII; then add 15 deg. jIll Ix} 061 
thereto, and it makes 42 deg. 05 min. and ſo adding 15 con- | IV X | 86 06 
tinually, till you come as near 9o deg. as you can, you — | 


ſhall find rhem to be as in the Table, againft which, ſer 
the Hours proper for the Plain, as you ſee here done; 
The Table being thus prepared: | 


Deg Min. | 
[Fi 96 ? a) TtaY C11 ; 
26 ©6 | andit will | b | And the | bj will reach = Þ 
Lay the i- 4x | . 06 |} crols the jc ! Diſtance | c | upon the |} 1 ; And ; 7 
ThredtoY? 56 ©c6 ? Lineof Yd*from Jd?Plain 2 ?from\ 
71 o6 | Hours in | Xll to | e/] fromV,to| 3 | Rzto [9 
Wu - 00 4 CJ I ; Ya C4 IO 


Through which Points from A, Right Lines being drawn, as A5, AG, A7, 
A4, A 3, &c. they hall be the true Hour-lines proper for a South Plain, declining 
Eavward 20 deg- in the Latirude of 48 cg. 


Ci aAE L V. 
| How to. make an Eaſt or Weſt Reclining Dial, 


Heſe Dials are no other chan upright Declining Dials referred to a New Lati- 


tude: which New Latitude is no other than the Complement of that Latitude 


wherein your Plain is a reclining Plain : And the Declination in that New Latitude; 
is only the Complement of the Reclination. 7 

Example. Suppoſe that in the Latitude of 42 deg. an Eaſt or Weſt Plain ſhould Recline from 
the Zenith towards the Horizon 70 deg. In what Latitude will that be an upright Declining 


Plain * 


Latitude is 42 deg. 09 min. 8 deg oo min.) New Latitude. 
The Old ET .-” & Comp $ : 


Reclination 70 deg. 00 min 20deg. oo min.) New Declin- 
Wherefore ſuch an Eaſt ot Wet Plain, as in the Latitude of 42 deg. reclines 
70 deg. ſhall be an Ere& Plain, Declining Eaſt or Weſt 20d. in the Latitude of 48d. 
- Sothat the Declining Dial betore made, will ſerve for an Eaſt or Weſt Dial, Re- 
clining 70 deg. in the Latitude of 42 deg. Obſerving the Cautions given for placing 
of the Meridian Line or Hour-line of 12, which in all ſuch Plains muſt lic parallct 
t th: Horizon, whereas in ErcC Plains it is perpendicular thereunto; cn As 


AX XX 2 


Alſo take the whole length of the Line of Hours in your Compaſſes, and ſetting one 
foot in R, with the other deſcribe the Atch c c, and removing the Compaſs PointroT 

with the other deſcribe the obſcure Arch d d, croſfing the other in the Point V: 
then draw the two Lines R V and T V : fo thall you have conſtituted the Equi- 
crural Triangle R V T, upon the twoequal ſides of which, R V and T V, the Hour 
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CHAP Y: 


Of Declining, Reclining, or Inclining Dials ; bow tg 
deſcribe Honr-Lines upon them. 


HE beſt way whereby to find the Requiſites, and to deſcribe the Hout-lines up- 

on theſe Plains, is ( as in Eaſt and Weſt Recliners ) to refer them to a New 
Latitude, and a New Declination, wherein they will ſtand as upright Declining 
Plains ;-and ſo may be made by the Rules beforegoing, both Geomertrically by the 
Scales on the Sides, and by the Lines and Arches on the Superficies of the Quadran; 


I. Geometrically, by the Scales on the ſides of the Quadrant. 
Let our Example be of a South Plain, Reclining from the Zenith Northwardg 


| 6odeg. and Declining towards the Eaſt Go deg. in the Latitude of 52 deg. Jo min. 


1. To find the New Latitude. 


Upon Paper or Paiſtboard deſcribe a Quadrant A B C, and upon B ere& the 
T angent-line B D; Then from your Scale of Sines, take 30 deg..the Complement 
of the Plains Declination, and with that diſtance deicribe the Quadramt HE G ; 1, 
ſo take the Tangent of the Complement of the Reclination, and ſer it from Bro 
and draw the Line A D., cutting the Quadrant A H Gin E: The leaſt diſtance; 
ken from E., to the Line B A, being meaſured upon the Tangent Scale, will be found 
to be 16 deg. 6 min. equal ro B K.—This Tangent thus found, 16 deg. 6 min, in 
South Recliners, (asthis is) muſt be compared with the Old Latitude 52 deg. 30min, 


and their difference 36 deg. 24 min. is the New Latitude. 


2. For the New Declination. 


Out of the Scale of Chords take 60 deg. the Plain's Reclination,and ſet it from Bro 
O, and draw the Line AO. Allo take the Sine of 60 deg. the Plain's Old Declins- 
tion, and ſer it from A to N ; the leaſt diſtance raken trom N, to the Line CA 
meaſurcd upon the Scale of Sines, will be found to be 25 deg. 39 min. for the New 
Declination. 

| And thus the New Declination, and New Laticude being found, if you make a 


Dial for that New Declination, and in that New Latirude, it will be a South Plain 


declining Weſt 60 deg. in the Latitude of 52 deg. 30 min, 
Nbw "3 36 deg. 24 min. 
Declination 25 deg. 40 min South-Weſt. 


So that if according to the Rules delivered in the foregoing Sefions hereof; if - 


you make an upright Dial to decline 25 deg. 40 min. from the South, in the Lat 
rude of 36 deg. 24 min. It ſhall ſerve for a Sourh Plain, Declining 69 deg. and Re- 
clining Northward 6o deg. in the Latitude of 52 deg. 3o min. | 
II. Inſtrumentally, by the Scales and A4rches deſcribed on the Superficies of the Duadrant, 
Our Example ſhall be of a South Plain, Declining Eaſtward 3o deg. ang Redi- 


| ning from the Zenith Northward 55 deg, in the Latitude of 51 deg. 32 min, 


Before the Hours can be drawn, tour Requilites muſt be found. 
* 1. The Diſtanceof the Meridian from the Horizon. | 
2. The Height of the Pole or Stile aboye the Plain. 
\ 3. The Deflexion or Subſtile's Diſtance from the Meridian. 
4. The Plain's Difference of Late TY 
All which may be found by the Scales on the Sides of the Quadrant. 


x. For the Diſtance of the Subſtile from the Meridian. 


_ Firſt, Our of the Scale of Sines take 55 deg. the Reclination, and ſerring one foot 
in the Tangent of 45 deg. bring the Thred to the neareſt diſtance, and there keep it. 
Then ſet one Foot in the Tangent of the Plain's Declination 3o, and take the nearclt 
diſtance to the Thred; that diſtance meaſured upon the Tangents from the Centre, 
will reach to 25 deg. 19 min. the Complement whereof 64 ; any 41 min. is the Di- 
{tance of che Meridian from the Horizon. | 2. For 
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2.' Fcr the Height of the Stile above the Subſtile, 


Take 64 deg. 41 min. the diſtance of the Meridian from the Horizon, our of the 
Line of Sines ; and ſetting one foot in the Sine of 90 deg. bring the Thred tothe nea- 
reſt diſtance, and there keep it: Then ſet one foot in the Sine of 35 deg. (the Com- 
plement of the Plain's Reclination,) and take rhe neareſt diſtance to' the Thred ; thar 
ditance will reach from the Centre to the Sine of 31 d. 14 m. which ſubtrafted out of 
the Laticude 52 deg. 32 min. the remainder is 21 deg. 18 min. Then again, Take 
the Sine of 21 deg. 18 min. from the Scale of Sines, and ſetting one foor in the Sine 
of 64 dcg. 41 min. the diſtance of the Merid. and Horizon, bring the Thred to the 
neareſt diſtance, and there keep ir. And ſerting one foot in 60 deg. take the neareſt 
diſtance to the Thred,and that diſtance meaſured upon the Sines will reach from the 
Centre to 19 deg. 25 min. and that is the height of the Pole above the Plain. 


2. Fir the Deflexion or Subſlale's Diſtance from the Meridian. 


Our of the Scale of Sines, take 19 deg. 25 min. the Stile's height; and ſetting one 


foot in the Sine of 92, bring the Thred to the neareſt diſtance, and there keep ir ; 
Then ſer one foot in 20 deg. 8 min. and take the neareſt diſtance, which meaſured 
will reach from the Centre to 6 deg. 2 min. and that is the Deflexion. 


4. For the Difference of Longitude. 


Take out the Sine of 20 deg. 15 min. and ſetting one foot in the Sinc of go, 
bring the Thred tb the neareſt diſtance, and there keep it ; then take out the Sine of 
6 deg. 2 min. the Deflexion, and ſetting one foot upon the Scale of Sines, move ir 
along the Line, and turn the other gently abour, till ir do only touch the Thred ; fo 


ſhall you find the Compaſs point to reft at 17 deg. 38 min. which is the Plain's 


Difference of Longitude. 
5. To find the Hour Diſtances. 


Firſt draw a right Line A B, for the Horizontal Line of the Plain, and making 
choice for a Centre at C, upon C with 60 degrees of your Chords deſcribe the Semi- 
circle AFB. Then the Diſtance of the Meridian from the Horizon being 64 deg, 

1 min. ſet them from B to D, and draw CD for the Hour-line of 12.—'T hen the 
Diſtance of the Subſtile from rhe Meridian being 6 deg. 2 min. ſet them from D co E, 
and draw C E for the Subſtile. And the Stile's height being 19 deg. 25 min. fcr 
them from E F, and draw CPF for the Stile or Axis.---Then through C draw a 
Line perpendicular to the Subſtile C E, as G H. Theſe things done, | 

Our of the Line of Laritudes take 19 deg. 25 min. the 
height of the Stile, and ſet that diſtance from C ro G, and ——_——_— 
from C to H : alſo take the whole Line of Hours out of | Hours. Subjtile, 
the Quadrant, ſet one foot in G, and with the other de- } 
{cribe the occult Archo 0; likewite ſet one foot in H, Pa 3+ 3 
and with the other deſcribe the Arch SS, croffing one | VI XIlI| 7. 38 
another in rhe Subſtile in the Point H. And now the ' | VI I | 32 38 
Plain's Difference of Longitude being 17 deg. 38 min. ſub- IVI) 0 47 38 
traft from it 15 deg. as often as you can, which you may” FIX III} 62 38 | 
In this caſe doe only once, and then there will remain | X IV | 77 38] 
2 deg. 38 min. Then make a Table, by adding of x 5 deg. 
continually to 2 deg. 38 min. the Numbers will be ſuct 
as this Table ex 8 —— Table thus finiſhed, repair to your Quadrant ; And 

Ce. IVits 
2 38 } Note where the Thred cuts f{ 1x } 
: 17 38 | the Line of Hours, for the di- | IN 
Laying the | 32 38 | ſtance from XII, taken to the | 
Thredupon* "47 38 > Thred,will giyc the Diſtances I 
PS 62 30 | from H to | 
\* 
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Through which Point Lines drawn from the Centre C, 
for the Declining Reclining Plain. 
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ſhall be true Hour-lines 
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DBIALLING 
Projeaive and Reflective. 


PARTS IV, and V. 


CHAP. - 
Of ProjeFive Dials. 


h PX to perform the Work of this and the following Chapters, it will be neceſſa- 
ry to have a Semicircle diyided into an 180 deg. by two Quadrants beginning 
the Numbers at the Semidiametre, by oo, 10, 20, 30, &c. degrees, both ways, to 
go deg. at the Diametre, into which. Diametre, a Ruler muſt be ſo fitted by a 
Grove, Screw, or the like ; that the Semicircle may move along the Ruler, nd be 
ſtayed in any part thereof: And of theſc Rulers, it were neceflary to have 2 or 
of them of ſeveral lengths, or ( inſtead of a Semicircle ) a Quadrant, if it be diy: 
ded on both ſides, and a Ruler fitted to it ; it will ſupply the uſe of the Semicircle, 
The uſe of this Semicircle ( or Quadrant) in the gencral, is, . 


How, upon a Line drawn any where, to projett any Altitude or Depreſſion, above or below the 
Horizon, from a fixed Point that ftands at a diſtance from that Line. 


I The manner how this is to be done, is very cafic : For, if you hold the Edge of 
| the Ruler to the fixed Point; and alſo apply the Point of that Edge of the Rulcr to 

the Line given, removing it higher or lower, ( as occaſion requires ) till the T hred 

hanging down by the ſide of the Semicircle at full liberty, do fall upon the degrees 

of Altitude' ( or Depreſſion ) intended; for then doth the Ruler lie at the Altitude, 

or Depth, and ſo doth Projett it from the fixed Point into the Line, as was required, 
It will be neceſſary in many Caſes to {lip the Semicircle higher or lower upon the 

_— as alſo to change the {ſides of the Ruler, but in this Diſcretion mult be your 
ITCCTOT: + 


GHAP. 


A general and eaſje way to projef# Hour-lines upon all kinds 


either in reſpef# of Declination or Intlination. 


I. ET a Gnomon, being firſt ſkarpned into a Point, be ſhaped, and faſtned in 

ſuch wiſe, thar it no way hinder either the draught of the Horizontal Line, 

op the Point of the ſhadow, from having free acceſs to the Dial at all times of the 
Ell, | 


3. Draw 
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2. Draw an Horizontal Line, by help of your Semicircle in a true Level borh ; 
regard of it ſelf, and alſo to the Point of the Gnomon, through the whole Su _ 
cies on which the Dial is to be deſcribed. Or having two Points in the ſame Leye] 
with the Point of the Gnomon, project it upon your Superficies, if it be a rugged 
one. And if the Superficies be more than one, or if any. of them be very much in- 
clined roward the Horizon, or elſe be very rugged, or far remote from the Gaomon 
ſo that it will not at all, or not ſo well, reccive an Horizontal Line upon it, you 
may either ſer up ſome Board, or {uch like Object, upon which for a time you arc 
to inſcribe the Horizontal-line, and/by my of which the Hours are to be projeted 
upon tC Superficics, or elſe. ( which perhaps will be better ) you may cx:cnd a 
Thred in the Air, ( ir matters not which may, nor whether from the Gnomon to- 
wardyehe Sun, or from the Sun : whether ſtretchr out in one length, or with re- 
turns, fo long as it licth juſtly parallel, in every Point of it, tothe Horizon, and 

in the ſame Level with the Point of the Gnomon :) which being fixed in this man- 

ner, will very well ſupply the uſe of the Horizontal-line: or the Horizontal-line 
may be partly Thred, and partly drown upon the Superficies, as occaſion ſhall be. 
And upon it may any Point be transferred, and ſigned out by flipping knors of 
Thred tied upon it __ ; 

3. Upon the Superficies of the Dial, obſerve the Point of the Shadow of the Gno- 
mon ( making a mark at it) and the Sun's Altieude, both of them at the ſame in- 
ſtant of time. ; EE = fg 

. By the Alticude obſerved, compute the Azimuth of the Sun from the Meridian, 
\ 5. The ſame Azimuth mult be transferred unto, or projeted upon, the Horizon- 
tal Line by help of a henna T hred, covering to your ſight ( as it hangeth 
down ) the Points of the Gnomon and Shadow both together ; and ar the ſame yiew 
cutting through the Horizonta-line : obſerve then punCtually where it cuts through 
the ſame Line, for that ſame Settion being ſigned chereon, ſhall be the Azinunh' 
projected into the Horizontal-Line. ; . 

6. Ler any kind of board or paſt-board be now applied to the Point of the Gno- 
mon ; ſo, -as that it may be ſtaid, either upon the Horizontal-line, ( where it may 
ſo be conveniently ) or at leaſt ſo placed roward the |Horizonral-line, that it may 
haye a juſt reſpe&t unto ir, and in that poſture may haye ſome ſtay for the edge of ic 
to reſt upon, that after it is furniſhed with ſuch neceflary Lines as muſt be drawn up- 
on it, it may be placed in its former juſt poſture without any Impeachment. Upon 
this Plain ſo placed, ler the Point bf the Gnomon be {1gned, which may be called 
the Centre; and from this Centre, to the Sign of the Azimuth, before proje&ted in- 
to the Horizontal Line, draw a right Line: this right Line fo drawn, ſhall repreſent 
upon the board or paſt-board, the ſame Azimuth which was before compured. 

7. Then taking away the ſame Plain, draw _—_ it the Meridian ot Line of 12; 
extending it from the Centre before noted, as the true Angle that it hath from the 
Azimuth before computed and deſcribed, and alſo toward the true Coaſt of the 

World. And let it be extended on both fides the Centre, if need be. 

- 8. Tothe Meridian fo pirched wpon the palſt-board, draw ( from the Centre ) the 
Lines of an Horizonrtal-dial made to that Latitude wherein you are. 

9. Then again, let the plain board or paſt-board be applicd to its former fituati- 
on, the Ceatre of the Horizontal-dial reſting upon the Point of the Gnomon, and 
every thing elſe anſwering to the ſame juſt poſture that it had art the firſt. Which 
done, let a Thred b- fixed in the Centre of che Horizontal-dial, by help whereof 
you may transfer every hour from the paft-board into the Horizontal line. Let 
every hour be therein noted ( by fixing marks upon the Horizontal-line where it is 
drawn, or by {lipping knots ſet upon the Thred, where a Thrcd Horizontak line is 
uſed ) eſpecially mark out the hour of 12 : For which ('if'it chance to run beſides 
the Snperficies ) ſome kind of Obje&, ( whercon the Horizontal-line'is alfo to be 
drawn,) or an Horizontal Thred mult be faſtned, that may reccive it, till ſuch time 
as your Dial be finiſhed. t | 
_ Io. Aﬀterall this, rake your Plain away, ( for there will now be no more need of 

It, } and conjefture whereabourt the Axis of the World would paſs from the Point 
of the Gnomon to the Poles of the World, for into that place is the Mridian to be 
projeted. Which thar it may be done more commodiouſly, if tio obje& ſtand in 
me way that will receive it, you muſt place one there, it mattersnot whether above 
or below the Gnomon, chule that which is moſt conyenient : Or, a Thred Foo 
atiope 
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 aſlope in the Meridian juſtly as it ought, will ſerve as well as may be. If then you 


hold up a Perpendicular T hred, fo that by your eye you may ſce the Pojnt of the 
Gnomon, and alſo the Point of 12 in.the Horizontal-line, both together, the ſame 
Thred fo hanging, ſhall ſhew where the Meridian is to be drawn. Or, you may 
extend a Thred from the Point of the Gnomon to the Point of 12 in the Horizonta]- 
line, which Thred ſhall repreſent the Line of 12 :- And ſtaying your Thred there 
cloſe to it, hang up two Perpendicular T breads at a good diſtance ; ſo ſhall the ſame 
two Threds give you the track of the Meridian-line. | 

II. The next W ork will be to project one of the Poles of the World (that name. 
ly, which lies the ſame way that this projeted Meridian doth from the Point of the 
ea ) into this Meridian. And this is done by elevating or depreffing your Se- 
micircle, from the Point of the Gnomon towards the Meridian-line, according tg 
the Latitude of your Place; for ſo will the Ruler of the Scemicircie, or a Thred ex- 
tended along by it, fign out the very Pole Point. If now you extend a Thred from 
this Pole Point, to the Point of the Gnomon, the ſame ſhall repreſent the Axis of the 
World. : | 

12. Laſt of all ; by theſe helps, all the hours may eaſily be projeed. For if the 
Eye do lay, or projet, this Thred or Axis upon cach Point of thoſe hours that were 
inſerted betore into the lorizonta-line, the Axis upon an hour Point, or a Poiri 


upon the Axis, each one of thoſc ProjeCions ſhall repreſent upon your Dial cach of 


the Hours required, and will ſhew upon every Objcþ& that ſtands in the way, where 
the Hours are to be drawn. Or, where convenient room is wanting to place the Eye, 
ſo as it may make this Projeftion, there may two Threds be ufed for the ſame pur: 
poſe, one whereof mult be faſtned to the Point of the Gnomon, the other to the Pole 
dcligned in the Meridian-line. Then ſtretching one of the Threds to any of the 
Points noted in the Horizontal-line, and holding ir there, you may take the other, 
and extend ir tothe Superhicies, ſo as it may cloſely pals by the firſt Thred, by which 
Work you may make as many Points upon your Superficics as you pleaſe, through 
which cach Hour is to be drawn. Having thus traced the way before hand, you 
may afterward draw the hours without any difficulty, be the A never lo ir- 
regular. Among which Lines, the Shadow of che Point of the Gnomon, as it creep- 
cth along, willſhew the Time of the Day. 

The foregoing Problem may be propounded more generally than before, in man- 


ner following); 


Tf a Paint be aſſigned upon any Superficies, Flat or Curved, one or more, wherein the Hour-lines 


and Axis ſhall concur, how to projett the Hours to that Punt, and to ſet up an AXis after the 
.. ordinary manner to give Shadow to them without any knowledge how the Dial ſtandeth, in re- © 
ſped euher of Declination or [nclination. 


1. To the Point aſſigned (upon any fide of it ) by dirc&ion of your Semicircle, or 
other Level, ſtretch out an Horizontal Thred, ſerving for the Horizontal-line; this 


Horizontal-line need not be one dire Line, but may be turned at one or more An- 
\ gles; provided that it lie torally in the Superficies of the Horizon. 


2. With a Perpendicular I hred held up, projc& the Sun into the aſſigned Point, 
and into the Horizontal Thred, and tic a little mark of Thred upon the ſame Ho- 
rizontal, through which the Shadow cutteth. Ar the fame inſtant alſo, take the 
Sun's Alcitude. | | | 

3- By the Altitude taken, find out the Azimuth ; This Azimuth, what eyer it 
be, is repreſent. d by the knor. | 
' 4- Apply a pa''c-board to the afſigned Point, and hold itflat that it may anſwer to 
the Horizontal T hred alſo, and upon this paſte-board protrat your Azimuth by a 
Thred extended from the Point aſhgned for the Centre, to the mark upon the Hori 
zontal Thred. T his done, | | 

5- By help of thac Azimuth upon your paſtc-board prota&t the Meridian-line, 
obſerving the true Coaſt, and quantity of the Angle from the Azimuth ; and tothe 
Meridian deſcribe an Horizontal Dial. . 

6. Applying the paſte-board to its place again, all things ſtanding right as before, 
project all the hours into the Horizontal T hred from off the palte-board, and ſct 
marks upon the ſame for the Points of cach ſeyeral hour, which marks may be lit- 
tle mpycable knots to {lip to and tro upon the ſame Thred. 


7. Pro; 
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7, Project the Meridian Point by a Perpendicular Thred upon ſome obje& into 
that place whereabouts you imagine the Axis of the World would pals, above or be- 
low from the Point affigned for che Centre. > 

8. With your Scmicircle cleyated or depreſſed ( as it ſhall be required) from the - 
Point aſſigned for the Centre, according to your Laricude projett the Pole of the 
World. ; | 

g. Extend a Thred from the Point affigned for the Centre to the Poles of the 
World, which hall repreſent the Axis. : : 

' 10. By the Point upon the Horizontal Thred, and this Axis, (either by your eye, 
laying the Axis to the hour-points, or laying che hour-knots to the Axis,) you may 
project all the hours,and draw them; Or elle you may let the Axis alone, and con- 
rent your (elf with the Pole-point projeRed into the Meridian, for if from the Point 
afſignzd to be the Centre or meeting of the hours and Axis, you extend a Thred to 
each hour-point in the Horizontal-line, and do repoſe (with your eye) the fame 
Thred upon the Pole-point, then ſhall the Shadow of the Thred give you that hour- 
line, and do fo in all the reſt. : | | 

11. Your Thred or Axis lying in its true Situation, you may eaſily fit an Axis to 
the ſame Poſture. If your Dial be deſcribed upon a plain Superficics, you may ther 
(by one {ide of a Nominal Square, applied to a Thred or- Axis, and the other fide 
lying upon the Plain ) find out the Subſtile, and meaſure from it the Elevation of 
the Axis above the Plain : Bur if the Dial be deſcribed upon a curved Supecrficles, 
you mult be content to ſetup your Axis by the direCtion of the Thred only. 

12. This Point affigned for the Centre being a Point of the Axis, is as it were the 
Apex of the Gnomon, unto which all the Wark is projefted. Bur if it be required 
to ſet up an Axis to ſuch a Superficies, upon; which the Axis and Hours will not. 
meet in any tolerable manner, becauſe perhaps the Axis -may be bur. of very ſmall 
Elevation above the Superficies, and yet an Axis is required : In this caſe, ſer up any 
point (of Wire, or fuch like) of ſuch diſtance from the Superficies, as that:the Axis 
and Hours may be diſtin&t : And through that Point let it be required to make the 
Axis paſs, you have no more.to do but only to projett to this Point, as-before, by 
ſetting the Shadow of a Perpendicular T hred paſs through that Point, and noting 
the ſame upon your Horizontal Thred, and counting that end of the Wire as your 
Centre, procced as before, for the Thred that lies to proje& the hours is a Pattern 
for the Axis. . - 290 | | 

This way is as general as the former, ſerving to projet the hours upon .many Su- 
perficies, be they plain or curyed, and however ſituate whether contiguous, or ſc- 
perate, and that without any laborious Inquiſition of any of their Situations, in re- 
ſped of Inclination or Declination. If you will put in that Furniture which 1s uſual, 
you muſt make ſome mark (notch, or button) upon your Axis, unto which Cas re-- 
preſenting the Centre of the World) by help of your Semicircle you are to projeR. 
Fo av ag of ſuch great or leſſer Circles as you intend to'infert; as hereafter ſhall 

taught. 7 ; 

The twelve Propoſitions in the firſt way were to project to an Apex. | 
Theſe twelve Propoſitions anſwerable in the ſecond way are to projet toan Axis, 
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CHAP. 1I. 


From a Hole made in any Pane of a Glaſs V/indow, how tg. 
draw Hour-lines within any Room upon the Window. 
board, Window-Fambs, and Floor: Nay, under the Inter. 
tiſe where the Sun can never ſhine: By which, the ſpy 
of Light paſſing through the Hole, ſhall ſhew the time 
of the day, upon any of the Plains upon which the Spqq 
of Light ſhall fall; or to which it may be transferred. 


Irſt, if the Glaſs-window of any Room, one Pain or Quarry of Glaſs be darkneq, 

- and a hole about halfa quarter of an Inch Diametre made about the midd!g 
thereof, the Sun ſhining upon the Window will, through that hole, caſt a bright 
Spor of Light into the Room, which as the Sun in his motion paſſeth by the Win- 
dow, the Spot of Light will be alſo removed from your to place, ſometimes upon 
the Window-board, ſomerimes upon the Jambs, ſometimes upon the Sides, and 
: ſometimes upon the Floor of the Room. It ſuch a Hole ſhould be tuppoſed to be the 

Gnodrs or Point of the top of the Perpendicular Stile of any Dial, I tay from ir the 
Hour-lines of a San-dial or of ſeveral Dials( for cvery fide or part of the Room is x 
different Plain ) may be made about the Room, 1f, : 
_ * 1, Horizontally you apply an Horizontal Dial co the Hole in the Glaſs-windoy, | 
and extend 2 third Horizontally alſo from the Hole over every Hour-line ( or half 
and quarter Hour-line) till it touch the Sides, Doors, be ena mn or other 

Objetts or Impediments (ſtanding in the way ) about the Room: T hen, 

2. The Twelye a Clock Hour-line being both an Hour-line and an Azimuth al- 
ſo, you may (by a Perpendicular Thred,. or Threds, transfer the ſame to the 
Cicling or Floor of your Room; or to which of them will beſt ſerye your turn, and 
fometime'there may be occaſion for both: Then, - 

3. In this Meridian Line find another Pointe, from which, a Line or Thred ex- 
tended to the Hole in the Window may repreſent cither the Direc ( or Reverted) 
Axis of the World, and unto that Point or Points all che Hour-lines which you 
draw in that Room will have reſpe& unto ( or be inthe ſame Plain with ) this Axis: 
And therefore, © © + | 

4. If you fix a Thred in one or both of theſe Points, (or Poles rather,) and extend 
that String by the Side of another String extended from the Hole over. any Hours 
line or Point found on the fide of the Room as before, that moveable String being 

ently moved by the Side of the Horizontal String ſhall trace out ( upon all Objeis 
that it meets withal ) the Hour-line which the extended Horizontal String doth re- 


preſent. 


$- H & PP. +Y. 
Of Reflefed Dials. 


TI Wexion is beſt made by a picce of Looking-glaſs, which is ſo much the better, 
by how much it is Thinner. for the thicknels of it cauſcth a double Ray ot 
Light to be Reflefted ;; the breadth may be abour half an Inch: And to preyent this 
double Ray of Light, colour the lower Supcrficies thereof with ſome thick Oyl - 
Colour, or Rub it upon a rough Brick or Grind-Stone rather, which will preyent the 


double Ray. 
CHAP, 
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CHAP V. 


How from a Glaſs Hor _ placed ( or from Water of 
other Liquors ) to Refiett Hours upon any Superficies, 


Flat or Curved, one or more. 


His is for Refleted Dials within a Room, and is not yet limited to a Plain Su- 
perficies, but is general to all, Flar or Curved, lying Horizontal or ſtanding 
Upright, or clſe Leaning. Ir 1s general, in reſpe(t of the pa whereto the 
Deſcription is ro be made, bur particular in reſpett of the poſture of the Glaſs, for 
that is here required that it ſhould be Horizontal. Now to place it Horizontal, do 
thus: Lay it into a little Board, flat and even with the Boatd, and either make ir 
faſt, by forcing ir into the Board (the place offi being ſtreight and juſt fir ) or clſe 


overlay it with a Plate of Lead beaten very thin, bur be ſure it lic true to the flat of 


the Board ; then with a ſmall Level lay the Board truly Flat or Horizontal, which 
will be done without any great difficulty, which is to lie for the moſt part in a Win- 


OW. 

1. The Glaſs being laid, obſerve the Sport of Light that the Sun caſts, and make 
a mark at it. 

2. And immediately obſerve the Sun's Altitude, and find the Azimuth, 

3. Then extend an Hotizontal T hred in the ſame Leyel with the Glaſs, but 
within the Room. | : - 

4. Afterwards _ the Azimuth into the Horizontal Thred; by holding up a 
Perpendicular Thred in ſuch a place, that chough it hang art liberty, you may ar 
once diſgern both the mark of the ſpot of Light, and the Glaſs likewiſe ;' and then 
obſerve where the Perpendicular Thred ſeems to cut the Horizontal Thred ; at thar 
apparent interſe&ion tic a ſhort Thred for a mark of the Azimuth. | 

5. Apply a Paſt-board to the Glaſs, and ſo that ir may be ſtaid upon ſome reſt; 
that after it is taken away it may be reſtored to the firlt poſture without inipeach> 


ment : Let it be alſo held Horizontally, fo as that it may haye full relation rothe = 


Horizontal Thred. 7.4: Tg | | 

6. Atthe Glaſgs Centre make a Point for a Centre iipon the Paſte-board, and cx- 
tending a Thred from the Centre of the Paſte-board to the mark of the Azimuth up- 
on the Horizontal Thred, draw upon the Paſte-board that Line which the Thred fo 
extended figures out thereon. Afterwards, unto the ſame Azimurh, upon the Paſte- 
board, draw a Mcridian, and to it anHorizontal Dial, and applying the Paſte-board 
to irs firſt Situation, projc& the Hours thereon, unto the Horizontal Thred, and the 
Knots; all which is dohe ih the Room. | 


7. Then projet theMeridian (by a PerperidicularThred, covering, in appearance, | 


h the Knor of 12 and the GlaG) unto the contrary Coaſt to that wherein the 
Pole is clevatcd ( above the Horizon ) that is toſay, in our Northern Climates you 
muſt proje& the Meridian Southwards from the Glaſs, becauſe rhe North Pole is 

elevated. And in the Meridian, elevate your Semicircle from the Glaſs Southwards, 
\till ic riſe up to your Latitude ;, fo ſhall the Ruler of the Semi-Cirele point our ( up- 
on ſome Objctt {et to receive it ) the North Pole Refleted. Or elfe, it that be not 
convenicne, (becauſe in Windows, or ſuch like Places that ſtand rowards the South, 
the North Pole will be without the Room, and fo the Axzs above the Glaſs, ex- 
tended rowards that Pole will be without alſo ) you may in ſuch caſes find out the 
oppolite Pole to it; that is to ſay, that Pole which the former refleed: Axzs bein 
extended through the Glafs, aiid below it, wonid 1{ign our, and they may be cfiefted 
in this manner : * CR 

Proje& the Meridian Line towards the Pole that is clevared , that is, with us to- 
wards the North Polc, and then ( becauſe the North Pole is elevated by Refleftion 
cowards the South, ſo, by the ſame teaſon, the South Pole muſt be depretied rowards 
the North ) with the Rutcr of your Semi-Circle, direted even with the Centre of 
the Glaſs, expreſs or projet your Latitude downwards, (but towards the North.) fo 


lhallthe Ruler of che Semi-Circle point our the reflected South Pole in the Meridian, - 


Yyyy 2 | Now 


—— 


Curxsus MartremarTicus. | Book Vit 


Now whether you will or can (moſt conveniently) uſe the reflected North 7 
above the Glaſs, or the reflefted South Pole below it, you arc to take your Poke 
for both the one and the other of them do reprelent the reflefted Azzs of the World 

8. By this refle&ed Axzs, and the Hour Points ſigned out upon the Horizonta] 
Thred, you may eaſily proje&t the reflefted Hours, in the ſame manner that hath 
been heretofore declared upon any kind of Superticies, one or more, Whateyer they 
be chat ſtand in the way. 


— 


How ſuch Circles of the Sphere, as have relation to the 
Courſe of the Sun, may be inſcribed upon all Dial Plaing, 
whether plain, projeted, or refleFed. 


PART V. 


$ Hour-lines miay be deſcribed upon all forts of Plains, to ſhew the Hour 

the Day, by «A ſhadow of a Siile or As; ſo may other Linesalſobe bali 
upon the fame Plains, which ſhall have relation to the Sun's Courſe; which ſhall 
trace out upon the Plain (by the ſhadow of an Apex, or Point in the Azxzs ) the Sun; 
courſe, whereby at the ſame time, not only the Hour of the day may be knoyr 
bur (2) the time of the year, (3) the rifing and ſetting of the Sun, (4) the levgth of 
the Day and Night, (5) the Sun's Azimuth, or on what Point of the Mariner's Com:- 
paſs the Sun is at any time of the day, (6) the Almicanthar, or Circle of the Suns 
Altitude, whereby the proportion that any object bears to its ſhadow is diſcovered 
(7) the Babyloni , Jewiſh, and Italian Hours, (8) the Sine of the Zodiack, in which 
the Sun is;, wx (9) thoſe Aſcending, and Deſcendin z and (19) the Circles of Þo- 
ſition,ſhewing in which of the twelve Carleſtial Houſes the Sun isar any time ofthe day; 
and diyes other Gnomonical Concluſions; and before any of theſe can be inſcribe 
upon any Plain, a convenicnt Point or Apex in the Stile muſt be found, for it is that 

which giycsthe ſhadow : Therefore, 


$ I. Of the Perpendicular Stile. 
T His muſt be Perpendicular to the Subſtile, and the top thereof determined in the 


Stile or Axzs. | | | 
If the Plain be ſmall, conſider whether itbedireftor declining, and much declining, 


If direct, the Subſtile may be placed in che middeſt, if declining, then on the part 


oppolite to the Declination” | 
heSubſtile well placed, (and room left for the figures,) divide it intotwo parts, 
ſo as that part next the Centre of the-Dial,, may be the Tangent Complement of the 
Height of the Pole above the Planeg-and-the other part, the Tangent Complement 
of the Sun's Mcridional- Height in the beginning of that Tropick,;which is to be more 
remote from the Centre of the Dial. . 
And the Radivs proper to theſe Tangents fhall be che Perpendicular Stile, to be 
placed in the point of Diviſion 1n the Subſtile perpendicular thereunto. 


| $1. Of the Sines, or Parallels. 
A Sine is a twelfth part of the Ecliptick, and contains therefore 3o deg. 
'AParallcl, according to the vulgar ſenſe, is the Sun's diurnal Motion day by 
day: And becaulc there are 47 deg. from Tropick to Tropick, there may be ſo ma- 
ny Parallels; that is, Circles which the Sun deſcribes cycry 24 Hours, ſuppoſed Pa- 
- rallel tothe A#quator, though not cxaftly fo; and although there are 47 of theſe, 
yet in our Latitude of 5x. 32'. We accomprt but g. vz. thole which are the day from 
Sunte Sun, when it is 8, 9, 19, II,12,,13, 14, 15, Or 16 Hours long. The Dc- 
ſcription of theſe parallcls, and of the Signs 1s made the ſame way, only due reſpet 


muſt be had to the quanhe of the Sun's Declination ; for in all dire& Horizontals, the 
Perpendicular Stile 


cing Radius, the Tangent Complement of the Sun's Height - 
an 


= 
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Sign or Parallc], at any hour of the day, ſer off from the foot of the ſaid Stile. 
_ —_ ro the Hour-line, gives a ry 4 by which the Parallel of that day | 
ſhall paſs: So that this work repeated ſo often as the number of Parallels to be in- 
{ribed, and the Hour-lines require, ſhall give reſpeQtive points enough in each hour, 
ro draw each Parallel by. 

Example. 


In the Latitude 51. 32. the Sun being in Piſces, ( the beginning thercof,) thede- 
grees of the Sun's Height above the Horizon ar every hour being as followeth ; thar 
is, 25- 37'- at one of the clock, 21, 49'. at two; 15,57. atthree; 8. 32'. at four, and 
the ſame for cight, nine, ten, andeleven reſpectively, if the Perpendicular Stile being 
Radius, the Tangents of the Complements of 25. 37/.21: 49'. 15. 57'. 8. 32': be appli: 
ed from the foot of the Stile, tothe reſpettive Hour, that is, the Co-Tangent of 25. 
37'. from the foot of the Stile,to the Hours of 1 and 11, and fo the others, they ſhall 
give points, in every Hourline one; by which a Line being drawn with an eyenhand # 
{hall be the Parallel at the beginning of Piſces: And the like of all the reſt. | 

And therefore generally in Verticals; as alſoin all Recliners; that is to ſay, upon 
all Planes whatſoever, draw a Horizontal Dial proper tothe Plane, and inſcribe the 
Signs or Parallels upon it, by ſctting off from the foor of the Perpendicular Stile; 
the Tangents Complements of the Sun's Height at every Hour in the beginning of 
every ſuch Sign above that Plane, taken as'an Horizon, the Perpendicular Stile be- 
ing ever Radixs;, and at the end of theſe Fry 5: lo ſet off, upon eycry reſpettive 
Hour-line will be a Points, by which Point, Lines drawn with an ever: hand, ſhall 

ive the Parallels deſired. T his Horizontal Dial being drawn in obſcure Lines, the 
Dial for the Plane may be drawn afterwards: The Parallels ſerving, which were 


drawn beforc. 
. Example. | 


Suppoſe a Plane declining 30 deg. and reclining 55 deg. the Height of the Pole 


aboye the Plane 19 deg. 25 min. the Sun's Hogg at the beginning. 
| 12 H. 82D. 5F|/. 
2h = © 73 ...30 
Of Tawus tobe -—_ 
at the Hours of 3:46 {1 
. 4 ' 3x 33 


por bs | "+ il 5. 17: Of | DD 
TheTangents ofthe Complements of 82, 5. and 73, 3'. and 60, 3'. Cc. ſctoff from 
the foot of the Perpendicular Stile, (the aid Stile being the Radius to thoſe Tangents) 
tothe obſcure Horizontal Hours of 12, x, 2, && give the true Diſtances berween the 
foot of the Stile, and thoſe Auxiliary Hoursfor the Parallel of Taurus, and 'fo the 
other Parallels may be found. | 5; 6 | 
it istrue, che Height of the Sun at cvery Hour of the day, at the. beginning of 
every Sign in any Latirude, is not eaſily found out without Trigonometrical Calcu- 
lation, or by the Globes, .as in Lib.'3. Part 1: Prob. 16. Page 371. where there is a 
Table calculated for the Sun's*Alcitude at every Hour of the day, when he cnters in- 
to any of the 12 Signs in the Laritude of 5 1-deg.: Zo min. And the like may be done 
by. the Analemma, tor any Latitude, as iniithe uſe thereof. 


$ Il. Of zhe Vertical Circles: 


© are yulgarly called Azimuths; and arc great Circles, whoſe Poles lic ta the 
- Horizon, and interſcfting one another in the Zenith and Nadir of the Place. 
The whole Horizon being divided into 32 c<qual parts; thoſe Circles ſhewing thoſe 
diviſions are called Points ot the Compaſs, and mirked-S:-SbE. SS E. &c. cyery 
one diſtant from other by 1x 4 degrees. {a poeta Pl > 
Bur che better way of accompring them is 10, 29, 3o, 40, 5o, 60, 70, &c. degrees 
from the Meridian. 
_. TI. Inall Horizomal Dial, the Perpendicular Stile being choſen, making thefoot 
thereof the Centre, at any convenient Diſtance deſcribe a-Circle, and accompr from 
the Meridian both ways, Arches equal to 10, 20, 30, &c. degrees, from which di- 
viſions right Lines drawn to the foot of the Stile aforcſaid, ſhall repreſent thoſe Azz- 
nuths upon that Dial. : 
SES. | 2. Upon 


_ 


—_——— 


Cuxswus MararemaTiIcus. Book VIII. 


2, Upon a prime Vertical (or South) Dial, through the toot of the Perpendicy. 
lar Stile, draw a right Line parallel ro the Horizon, and-making the ſaid Stije Rai. 
15, upon the Parallel Line fer off both ways from the Meridian Tangents of ;, 
20, 30, 40, ©. degrees, through which diviſions right Lines drawn, all ar righe © 
Angles, with the parallel Line, fhall be the Azzmuths. : 

3. Upon any declining Vertical, the ſame being done, ſhall give the Azimuth, of 
IO, 29, 30, Gc. from the Meridian of the Plane, or from the Mcridian of the place 
julf allowance being made for the Diſtance of Meridians. ; 

4. In South declining reclining Planes, the Perpendicufar Stile being choſen and 
made the Radirs, the Tangent Complement of the Reclination applicd from the 
foot of the ſaid Stile, tothe Meridian of the place, ſhall determine the Zenith of the 
place; through which, and rhe foor of the Stile, rhat isthe Zenith of the Plane. 2 
right Line drawn, ſhall be a Perpendicular to the Horizontal Line, which ſhall con- 
curr with the Zquator in the Hour of 6; and theretore if from the foot of the Stile 
upon the ſaid Perpendicular rowards the North, (for the former appikcacion 1S made 
rowards the Sourh,) be ſer off the Tangent of the Reclination, a Line drawn from 
the end thereof at right Angles with it, ſhall be the Horizontal Line; upon which 
the Tangentsof 10, 20, 30, ©c. (the tecant of the Reclination being now made 
Radins ) ſet from the ſaid right Angle, Lines drawn from them to the Zenith of the 
place, ſhallbe the Azimuths © 

5. TheDiſtance berwixttheMeridians being known upon theHorizontal Line, the 
Azimuths which were accompted from rhe Meridian ot the Plane, may be fitted for 
accompt from the Meridian ofthe place with caſe. © 

For example, Let that Diſtance be the Tangent of 20 deg. then that Azimuth 
which is 10 trom the one, is 10 from the other alſo, and that which is 3o on the | 
fame ſide of the Subſtile, is 10 on the other ſide of the Meridian of the place, the 


like Mcthod ſerves for any Diſtance. 
& IV. Almicanters 


" A RE leſſer Circles of the Syhete, and may beealled che Parallels of Declination 

'X from the Horizon; having it all reſpeQs the ſame relation and habitude 
tothe Azimuths, that the Signs have to the Mcridians, although theſe are accompt- 
edby 15d. and thoſe uſually by 10 d. and therefore as in the ——— of the Signs, 
an Horizontal Dial proper to the Plane, being firſt (obſcurely) delineated, it was 
ſhewed, that the Points thro which the Signs or Parallels murſt paſs upon every hour, 
might be had by applying the Tangents of the Complements of the Sun's Height at 
thoſe Hours in thoſe Patallels, from the foot of the Perpendicular Stile, to the re- 
ſpeQive Hours, ſo here making uſe of that Azimurch which is Perpendicular to the 


Plane, ( which in all Planes is that which pafſerh through the foot: of the Perpendi- © | 


cular Stile, ) the reſt of the Azimuths being alſo inſcribed, the Tangents Comple- 
ments of the Sus Height above the Plane, when he is in any Azitnuth, applied from 
the foot of the Stile to the ſaid Azimuth gives a point, through which, that Height 
or Almicanter upon that Azimuth muſt paſs. bet, FE 
 _ And theſe Altitudes muſt be found by Trigonometrical Calculation, or by the 
Globes, as in Lib. 3. Part x. Prob. 17. Page 372. where there is a Table, ſhewing 

what Alrirade the Sun hath, he beingupon every tenth Azimuth from the Meridian, 
in the beginning of every Sign inthe Latitude of 51 deg. 3o min. and the like maybe 
made by the Analemma tor any Latitude, as in the uſcs thereof, or by any other Pro- 
jeAtion made for any particular Latitude. | 

Sox c and s ebeing leverally found, the Difference between them, namely se—t2, 
1s the Complement of the Sun's Height above the Horizon, _ 

T hen find how high the Sun is above the Plane of the Dial at the ſame time, the 
Tangent Complement of that Height applied from the Stiles foor to the Azimuth, 
repreſenting the Anglep 7 5, gives upon 1t the Almicantcr's point, or paſſage. 


Or becaule s, ps'. 5, ? ;A of 5,25. 5, 7p 5". the Hour from Noon, that: is the 
=} is found, whic will crofs che Azimuth aforcſaid in the ſame point allo. 


ich Hour, if it be uneven, and unfit to remain with the reſt, may be drawn 


SECT. 
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IN, 


Parts I, and 


y V. Of the Jewiſh, Babyloniſh, and Italian Hours. 


F325 Babyloniſh are accounted equal Hours from Sun riſing, and may be in- 
ſcribed upon any Plane by help of thoſe rwo Parallels, which ſhew the longeſt 
and ſhorteſt day conliſting of intire hours, as here 16 and $8 hours, and of the Acgua- 
tor ; for a Line drawn through the hour of 5 in the firſt, 7 in the /Equator, and 9 in 
the other, is the hour of 1 from Sun riſing. 

Li _— in the ſame order, through 6, 8, and 10,ſhall paſs the hour of 2. the like 
order in all. | : 

In Winter when the Parallel of 8 hours ſhall fail, the other two points will ſerve; 
becauſe the hours to be drawn are right Lines. : 

Bur after the firſt {1x hours are inſcribed, the Aguator failing alſo, ſome orher Di- 
urnal Arch, as of 9 or 10 hours, mult be deſcribed to ſupply that want. _ 

The italian hours are accounted 1, 2, 3, &c. trom Sun-ſetting ; to inſcribe theſe 
the ſame Diurnal Arches will ſerve, and a Linc drawn through them in the hours 
, 7, and 5, Afcernoon, (obſerving the ſame order as before) ſhall be the hour of x ; 
the like through 7, 5, and 3, ſhall be the hour 23; the Night hours of 9, 10, vc. are 
the Morning hours produced. | 

The Jewiſh hours are reckoned like the Babyloniſh, from Sun-riſing, but unequal- 
ly, their ſixth hour being Noon; and every hour a twelfch part of the Artiticial 
(4 of what length ſocycr that be; . 
The vulgar hours proper to the Plane'being firſt drawn, and the Diurnal Arches 


of 153 12, and 9, (if it may be ) divide the degrees in cach by 12, and the Quotients | 


by.15 z or elſe ( which is all one) divide the ſaid Arches by 180, the three Quotients 
ſhall give the juſt times in hours or uſual parts of hours from 12 of Clock upon the 
two Parallels and the AEguator; through which lines drawn by a Ruler ſhall be' the 
ſewiſh hours deſired. | . 

Example, In Latitude 51. 32', the Diurnal Arch of 15 hours, is in degrees 225, which 
divided by 180 the Cpn_ is 15. and ſo much the Jewiſh hours of 5 and 7 are di- 
Rant from Noon, an hour and quarter being a twelfch part of the Diutnal Arch of 
15 hours, which hour and quarter being doubled, gives the place of 4 and 8, tripled 
the place of 3 and 9, &c. from Noon, upon that Parallel of 15 hours. | 

In like manner the Diurnal Arch of 9g hours, is 135 d. which divided by 180, Quo- 
tient is 245 that is 4 of an hour, which ſhews the place of the Jewiſh 7 and 5, to be. 
three quarters after 10 before Noon, and doubled is 1 4. which gives the place of 8 
and 4, all one with our 1 2. and 10:. and fo tripling and quadrupling and quintu- 
pling of z gives the places of the other hours on this Parallel of 9 degrees. 

And theſe parts doubled and tripled as is ſaid, will always (in this Parallel and the 
former } fall upon even hours, halves,or quarters of our hours, which is the only rea- 
ſon why theſe two Parallels of 15 and 9 are preferred; there being no neceſſity of 
uſing them more than the Tropicks or other Parrallels, only this convenieney cf 
cven parts. 

Laſtly, In the Diurnal Arch of 12, that is, the no equal and unequal hours 
concur, that is, the Jewiſh hours of ! and 7, with our hours:of 11 and 1, fo their 
4 and 8, with our 2 and 10, 0. ſo that a linc drawn from Tr. in the Arch of 15 to 
I, in the Zyuator, and from thence to 3 in the Arch of 9 is their 7, oc. 


— 


— > —— 


CONGLUSION. 


[| Might ( in this Place ). have illuſtrated the foregoing Precepts by Figures and Ex<- 
amples;, but the Book ſwelling to a bulk beyond my ExpeRation, I pals that over ; 
And the rather, becauſe I have ( in my late Book of Dialling, Printed Anno 1680. ) 
at large inſiſted on theſe Matters, —_ of _E other Gnomomcal Conclufions : And 
lo ſhall here ſatisfie the Reader, by inſerting the following Table of Natural Sines, 
Tangents and Secants ; which will be of great uſe in the putting in of the Furniture up- 
on any Dral, whether Plain, Projetted, or Rejlected. | 


A Table 


. 


Py 
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A Table of Natural Sines, Tan 
of 1.00000. of great uſe, for 1 


—— Q————— 


| © ow 6 [awwmo| © 
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 0.2588r 
| 0.27563 


, © 7 
0.48480 | 055430 


Sine. 


O.COOOD 


0.01745 
0.03489 
0.05233 
0.00575 


0.08715 


0.12186 


! 


0.17304 
0.19080 
0.20791 
0.22495 
0.24192 


0.29237 
O. 3OgOT 
0.32556 


0.34202 
0.35836 


0.10452 | 


0.37490 


0.39073 
9.4907 3 


0.43837 


045399 


0.52991 


 —_— —— cl 


0.60181 
0.61566 
0.62932 


| 0.64278 


065605 
oO 66913 
0 68199 


44 


p—_— — Oy 
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0:69455 


0.57357 | 0.70020 
0.53778 | 0.72654 


1 


| 


Tangent. | Secant. 


0.00000 
0.01745 
0.03492 
0.05 240 
0.06817 


0.08748 
O IOJIO 
0.12278 


0.13917 | 014954 
0.15643 | 0-15538 


0.17632 


0.19438 | 
| I.02234 


0.21255 


' 0.23086 
| 0.24932 | 1.03061 


0.26794 


| 0.28674 


0.30573 
0.32491 


I.00000 


I-OOOIF 
I.00060 
I-00137 
I.00232 
I.00000 
I.OOO0T5 
I:00060 
I.00137 
I.00232 
I.OI542 
I.OIS7 1 


1.02620 


1.03527 
1.04229 


I.04509 | 


I.05146 


0.34432 | 1.05762 


0.36397 
0.38386 
0.40402 
0 42447 
0.44522 


0.42261 | 0.46630 


0.48773 
0.50952 
0.53170 


0.60323 
O 62486 


0.54463 | 0.64940 
0.55919 | 0.67450 


0.75335 
0.7812 


0.80970 


0.90040 


0.93251 
| 83-68 


1.06417 
I.O7114 
I.07852 


| 1.12232 


. 1.08636 
1.0946} 


| I.10J37 


I.11250 


1.13257 
1.14335 


| ———— 


0.500: | 0.57735 | 115470 
0.51593 | 


I.17917 
I.I9371 
F.2062 1 


1.19705 


I.?2077 
1.23606 


1.26901 


| 1.22675 


0.83909.) 1.30540 


0.86928 | 1 32501 | 
I 


4563 
I.36732 
1.39056 


= 
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I 25213 | 
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CEE mens 


ents and Secants, to every degree of the Quadrant to a Radius 
e ready inſerting of the Furniture into all manner of Sun Dial. 


TL Io—om—_—_ ao. Rn 


or | Sine, Tangent. | Sczcant, | 
| 45-| 0.70710 | I.00000 | 1.41421 | 
46 | 0.71933 | 103553 | 143955 | 
By. 0.73135 | 107236 | 1.40027 |! 
| 40 | 0.74314 | 1.1106T | 1.49447}; 
| 49 0.75470 | ' © 2036 | 1.52425 || 
EET A 
50 | 0.76604 j 1.19175 | 1 55572]! 
| 1 | 0.77714 | 1-23489 | 1 58gor | 
52 | 078801 | 1-27994 | 1.62426} 
53 | 0.79863 | 132704; 1 66164 | 
54 } 0.80got | 137635 1.70130 
| 55 | 081915 I. 42814 | 174344 | 
56 | 082903 | 1-476;9 | 1 25367 
| 57 | 0.83867 | 1.53486 | 1.53607 | 
58 | 08480, | 160023 | 1887c7 
| 59 085716 | 166427.| 194 60|' 
| 6o | 0.86602 | I.73205 | 2 000c0 | 
61 ; 0.87461 | 1.80404 | 2.06266 | 
| 62 08199 | I 88:72 | 2.12308 |; 
| 63 | 0.8gloo | 196261 | 2.20268 | 
64 | 0:89879 | 2 0503o | 2.28017 
— —_ _ F; 
| 65 * 0.90530 | 2.14450 | 236620 | 
66 | 0.91354 | 2-24603 | 2.45559 |, 
| 67 | © 92050 |, 235585 | 2:559391; 
68 , 0.92718 | 2-4750 2 66946 
69 — 2.60508 | 2.790 |; 
— —_ __—_ m——_—_ 
70 ones | LI noted 
I | 0:94551 90421 | 3.07155 
0.95 105 3 07768 | 3.23606 
73 | 095630 | 3 27085 | 3-42030[ 
| 74 0.96126 | 348741 | 3.03795 | 
| 75 | 9-96592 | 3-73205 j 3-86370 | 
76 | 0.97029 | 4.01078 4.1335 
77 | 2:97437 | 433147 A-4454T | 
78 | 0.97824 | 470463 | 400973 |. 
| 79 | 0.98162 | 5.14415 | 5-2495] |, 
|'& 0.98480 | 5671287 575877] 
81 , 0.98768 | 631375 |. 6:39245 
82 | © 99026 | 711536| 7 19529 
83 | 099254 | 8.14434 | 8.20550 
EY 66 
84 mo .9:51436 | 930677 | 
| 85 | 0.9619 |, 11.4305 1147578 
86 j 099756 | 14-30036 | 14-3559 
87 | 0.99862 1 19.08113 | 1910732 | 
88 | 0 93939 | 2863625 | 28.65370] ÞF 
89 | 099984 | 57.28956 | 57-29868 | 
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Of te HEAVENLY BODIES, that 
have a Second Motion of their own. 


In Five Parts, or Sections: 
1 Of the Phenomene. | 


IL Of the Hypothefs, by which the Phenowend is Explained. 
How all Lines and Angles may be determined” from Obſervations. 
IV. Of Computing the Mations of the Planets by Tables. 
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THEORY 
PLANETS 


Of the Heavenly Bodies, that have a Second 


Motion of their own. 


Procem. 


HIS Ninth Book, of the Theory of the Planets, 7s a Tra»ſlation of 

Mr. Nicholas Mercator of Halfatia, his Second Book of Theorical Aſtro- ' 
. nomy, by hime publiſhed in Latin, Anno 1676. And the Method which 

he obſerves in it is This : (1.) 1 will lay down the Phaxnomena, (1. e.) 
thoſe Things that appear in, or relating to the Heavenly Bodies 3 »pgr: the Ob- 
ſervation of which men firſt began to think of other Motions beſide the firſt. (2.) I 
will deliver the chief Hypotheſis, by the help of which they have endeavoured to 
demonſtrate, or give an Account of what they have obſeru'd. (3.) I will ſhew the 
manner, how all the parts of the Hypotheſis might be determin'd by the Obſervati- 
ons that have been made. ( 4.) I ſhall bring the Tables, that have been made ac- 
cording to the determin'd Lines and Angles 3 and alſo explain the Uſe of them by 
Rules and Examples too, as far as may be. | 


—————— 
— 


SECTION I. 
Of the Phxnomena. 


F the Phenomena, which ariſe from other Cauſes than the daily Motion thar 

7 has been explaiticd in.the former Part ; ſome are common to all the Stars, 
others are peculiar to*theſe or thoſe particularly. 

_ 1. In the firſt place 'tis obſerv'd, as to all the Planers, That they do not always 
riſe or ſet in the .ſame places of the Horizon z but that they riſe ſometimes from 
that place where the Sun riſes in Summer, and ſometimes from that where it ri- 
ics in IVinter , and in like manner, that they go down ſometimes in the place of 
the IWinter-Sun-ſetting, and ſometimes in the place of the Summer-Solſtice, Again, 
That under the Meridian they go ſometinics higher towards the North, and ſome- 
times lower towards the South. Belides,. That there are certain Bounds or Li- 
mits, beyond which they neither run North or Southward in their rife or letting ; 
nor are they eleyated or depreſsd beyond them, when they are culminant. _ 
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2. *Tis found, That ſometimes all the Planets move faſter, ſomerimes flower 
3. T hat ſomerimes they appear grcater, and ſometimes leſs, though at both 
times the Retrattions be the ſage, as being in the ſame Altitude, or in the 


ſame Temperature of Air. 


4. Thar they have divers Situations, both with relation to one another, ang 
alſo to the fixed Stars : And that ſomerimes in their Conjunctions or Approache; 
ro one another, the fixed Stars are cover'd by the Planets,. and fometimes the 
Planets by one another ; and yet not all alike with reipcet to all the Inhabitang, 
of the Earth. . | | | 

5. Bur particularly as to the Sun, *tis obſery'd, That after it is ſet, it has certain 
Stars vitibly apparent, that will ſet after it, which ſome days atter appcar ng 
more ; and that when 'tis about: to riſc, it has ſome before it that appear not 
which yer after ſome days appear; and riſe before it. kg ; 

G. That the Sun ſpends 157 Days in paſting from the Yernal to the Autumn! 
Aquinox, and but 178 in paſſing 'on from the Antumnal again ; ſo that it tarrics 
nine whole days longer in the Northern than in the Southern Signs. 

7. Thar the Sun ſometimes ſuffers a total Eclipſe, but for the moſt part only 
a partial one ; and both theſe only in the New of the Moon, and' yer nor in 
cvery New Moon neither. 

8. Thar the greateſt .Declination or Departure of the Sun from the Ayquatsy 
as well Northward as Southward, ſeerns to be grown leſs ; fince it is not now - 
counted fo great as it has been formerly. | | 

g. As to the Moon, *tis obſerv'd, That from the New, or Change of it, ir 
does day by day ſo remoye from the Sun, that ir does always go more and 


more towards the more Eaſtern Stars, till ic hath perform'd its Circuit. 


10. Thar in every Lunation ( or Time betwixt Change and Change ) it has 
divers Phaſes, or appearances: In its Increaſe it appears horned, or ſomething 
reſembling the form of a Sickle z by and by it appears balted, or, asit were, 
Cur in two ; and afterwards gibbous, or bunching out on both tides : and then 
after the Full, when ir decreaſes, it again becomes gibbous, halfed, and horned, 

11. That it does likewiſe fometimes ſuffer a total Eclipſe, but oftner a par- 
tial one ; and both only when 'tis in the Full, and ycr not in every Full neither, 


but for th@moſt part once in fix 0 0s Se ſometimes in five. 


12. Laſtly, That it departs from the Aquator as well Northward as Southard, 
ſometimes more, and ſometimes leſs than the Sun does. 

13. As to Mercury and Fenus, *tis obſerved, That they conſtantly accompany 
the Sun; and as for Yenus, ſhe ſcarce ever goes farther from him, than about 
half a Sign, and Mercury not a whole one. h 

14. And at the ſame time, That they ſometimes go before The: Sun, or are 
ſeen carly before its riſing; and ſometimes follow the Sun, riſing in the cyen- 
ing after the Sun ſets. | 1676 

15. That they ſometimes are dire&, that is, move into the Signs following, 
or according to the Order and Succeſhon of the Signs, as from Y into #, from 
S into IT; but ſometimes contrary to the Order of the Signs, as from v into X, 
from X into zz; and ſometimes that they are Stationary, that is, for ſome times 
they ſeem to move neither into the antecedent nor conſequent Signs. 

16. That their Digreffions alſo, or Departures North and South, arc ſometimes 
greater, ſometimes leſs than that of the Sun. | 

17. As to Mars, Jupiter, and Saturn, *tis noted, That they are not fo tied to the 
Sun as are the orher two, but do fo depart from it, that ſometimes they are m 
oppolttion re it, or remov'd from it ſ1x whole Signs. 

18, Thar every year they proceed more and more towards the Eaſtern Stars; 
but yer that ſometimes they are Dire&, ſomerimes Retrograde, and. ſometimes 
Stationary. | | : 

19. That they are always Retrograde, and are both ſwifteſt in their Retroce(- 


fion, and greateſt in Aſpe& or Appearance, when being in oppoſition to the 
Sun rhey ſhine all night above the Horizon: And that a' larger ſpace of Re- 
trogradation belongs to Mars than to Jupiter, and to Jupiter than to Saturn ;. but 
then again, that a longer time of Retrogradation belongs to Saturn than to 7u- 
piter, and ro Fupiter than to Mars, fem 
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' 20. And laſtly, Thar they allodepart ſometimes more, and ſometimes leſs from 
the Agquator than docs the Sun. | 

LE the laſt place of all, as to the fix'd Stars "tis obſery'd, That they do 
not always keep the ſame diſtance from the /Equinottial Points; and that they do 
likewiſe move, bur that very ſlowly, towards the conſequent Signs; and (as ir 
appears to ſome ) unequally, that is, ſometimes more ſ{wittly, and fomerimes 
more ſlowly : For, as for inſtance, the Star calF'd Spica Virgimis, which ( not long 
after the Death of Alexander ) Timochorzs obſerv'd to go before the Point of the 
Aucumnal Equinox eight degrees, was oblery d, 209 years after, by Hipar- 
chus, to go before it only fix; and 260 years after that, Ptolomy obſcrv'd not 
much more than three : Thin toy not add, that ax this time, or 1500 years 
after thar laſt Obſervation, 'tis obſery'd, that the foremention'd Star follows the 
ſame Point almoſt cighreen Degrees: In like manner the firſt Star in Aries, 
which, in the time of Timochoris, was diftant from the Vernal AZquinox on! 
two Degrees, is now found to be diſtant more than twenty cight: So alſo 'ris 
worthy to be mention'd, that the Star at the cnd ofthe Tail of the Leſſer Bear, 
which is call'd che Pole-ſtax, is now only two Degrees diſtant from the Pole, 
with a little above half a Degree more; whereas, in the Time of Hipparchus, it 
was diſtant more than twelve: And ſo of the relt, 


SECTION HI: 


. 


Of the Hypotheſes, by which the Phznomena mow pre- 


mis'd may be explain'd. 


+2 E Hypotheſes that have been invented to explain and ſolve theſe.. Phe- 
nomena are many; but they may all be reduc'd to thele principal ones, 
namely, thar which ſuppoſes the Earth to be Immovable, and thar which ſup- 

ſes it to move. Wherxher of theſe is the more ancient does ſcarce appear, 


or the Pythagoreans did long ago reckon the Earth among the Plannets ; yer. 


becauſe before Copernicus, there was ſcarce extant any cxa&t Demonſtration of 
the Phenomena by the Motion of the Earth, and ſo fines Ptolomy's Hypotheſis 
is not a little older, therefore I ſhall firſt of all briefly lay down this and cx- 
plain it, and then afterwards diſcourſe of the other. 


— 


CHAP. 1: 
Of the Motion of the Sun. 


I: [ol OW the various riſe and ſetting of Stars, ſometimes in one, and ſome- 
' L 1 times in another part of the Horzzon ; as alſo how their Aſcent under 
the Meridian; and laſtly, how the Approaching of the Planets to the fixed Stars, and 
their departing from the ſame, may be demonſtrated, is evident from the Sphe- 
rical part of Aſtronomy, which gave us the Oblique Circle, call'd the Zedick, 
for the ſalving of theſe Motions: | | .. X 

2. The Sun's ſometimes appearing greater than it ſclf, and this in the ſame 
Altirude above the Horizon, ( unleſs the Refraftion may ſeem to be the cauſe, ) 
Is a plain Argument, hat at ſome ſeaſons 'tis farther from che Earth, and 
at others nearer again. If we conſider its Approachment to the fixed Stars, and 
irs Departure from them, we are convinc'd that its Motion is Circular, or Ellip- 
tical, and ſo running back into itſelf again. If therefore the Sun run round, 
and be ſometimes nearer, and. ſometimes farther off, that Circle which it runs 
muft needs be Eccentrical: For though in' an Elliptical Circle, that is concen- 
trical, the movable Body may be at ſometimes farther from the Centre than at 
ethers; yer 'tis otherwile in the Sun, which approahces nearer the Earch but 
| once 
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once a year, and once a year departs farthet from it; whereas ih concentrical 
Elliptick, the movable Body is twice in its Apogee, and twice 1n its Perigge, 
therefore the Sun moves in an Eccentrick. : 

3. The Motion of the Sun in the Eccentrick from the Earth, fcems to be une- 
qual ; that is, in Figure I. the Angle A T © in equal ſpaccs of time is not equa]. 
ly increasd; for the Sun being about the Apogee A, does increate every day 
les than 59', bur being abour the Perigee P, every day more than 59g'. This 
is plain from ©'s continuing longer in the Northern, than in the Southern Signs 
For ſuppoſing Y Ss = v to be the Ecliptick, whoſe Centre let I be; now though 
the Semicircle Y S = be cqual to the Semicircle = w y,, yet does the Sun ſcarce 
finiſh the former in 187 days, bur the latter it runs through in 178. 

4. Yer does not this Ninder, but the Motion of the Sun from a certain other 
Point out ofthe Earth T, as for inſtance frem C, the Centre of the Circle Ag P, 
may appear cqual; that is, the Angle A C © may be feen to be equally jy- 
creaſed in equal fpaces of time, viz. every day 59g', 8”. for fo it will come 
that while the motion about C appears equal, the fame abour T may ſeem un- 
equal © And this alſo follows from thence, that ſecing C 1s the Centre of the 
Circle” A'&Þ, about which the Motion is conceiv'd to be equal; therefore tlie 
ſame Motion in its yery Circle becomes equable and unitorm. 

5. Now ia the?Scheme I have given, the Diſtance of the Points T C, that is, 
of 'the Earth, from the Centre of the Eccentrick, 1s cald commonly the Eccen- 
tricity: And the ſame T C, being: continued- on both 1ides to the Circymference 
of the Eccentrick unto A and P, it makes the Line of the Apſes AP. For A, 
che fartheſt Poinrt from the Earth, is call'd the Apogee, and Aux, and the Higheſt 
Apſe; as the Point P, that is next to the Earth, is call'd -the Perigce, and 
alſo the oppolitt ro the Aux, and the Loweſt Apſe. And farther, if to the Line 
C ©, drawn from the Centre of the Eccentrick Cto the Sun in its Circle, be 
drawn another Line parallel to it, iz. T M, or T Q, this Line is calld the 
Line of the Middle Motion of the Sun, and 1s to be continued even to the Eclip- 
tick unto m, where it denotes the Sun's middle place; as the Line of its true 
Motion, T ©, being continued from the Earth through the Centre of 
the Sun, even unto pF denote there the truc place of the Sun in the Eclip- 
tick : | So that the difference: between. the middle and rrue place of the Sun, is 
thar' Arch of the Eclipcick » m, or the Angle » T #, and that which is equal 
to it, 7%. T © C, which they. call the Equation, and' alſo the Profthapheniis, 


' a word compounded- of the name of Addition and Subtraftion : For jin the 


former Semicircle A.M P, which they alſo call the Deſcendent ( becauſe the 
Sun does in it deſcend from the Apogce into the Perigee, ) the Arch m », or the 
Proſthapheriſts, is ſubſtrated trom the Middle Motion of the Sun y & m ; lo that 
Y S v remains the true Motion of it. Bur in the latter. Semicircle P Q A, (which 
is alſo call'd the Aſcendent,) the Arch ofthe Ecliptick m v, or the Proſthapheriſis, 
1s added: to the Middle Motion of the Sun y m; ſo that y* m » becomes the 
crue. Now to find out. the Proſthapheriſis m T v, or T © C, is requir'd-the An- 


gle AC ©, (to which is equalATM,) calld the middle Anomaly of the Sun | 


or the Argument, as. A T. © is call'd the true Anomaly, or the Co-equate. 
Laſtly, If upon the Line of the Axſes A P, be from T creced a perpendicular R T $S;: 
this is calF'd the Line of the Middle Longirudes, becauſe the Sun moving in_ 
the: Eccentriik ARPS, as in A it is the fartheſt from the Earth, and in Þ the 
neareſt; ſo in the middle -Longitudes R and S, it is at its middle, or in diffe- 
rent- diſtance from the Earth. | y 

G, Nor 1s it to be conceal'd, that the Line of the Apſes A P, has indeed the 
point T 6xcd ; bur yer rhe Line itſelf, rogerher with its whole Eccentrick, is | 
carried” by little and little towards the following ſigns; ſo that as time goes on, 


the Angle'y T A increaſes more and more - At preſent the Point A 1s under 


_ ſxth-Degree of S, in the following Age ic will be under the ſeycuth, and 
O ONn.* | | 

7. Andthisalſoyou may take notice of, if you pleaſe, That the Eccentricity CT 
to ſome” has ſeem'd to be changeable; for that -which, is now near upon the 
28th patt of the Eccentrick Ray C A, was formerly greater, or elſe Jels: 
Others fay, that Opinion aroſe from the Uncertainty of ancient Obſervations, 


and that nothing i to be derermin'd concerning the Change of the Eccentri- 


citYs 
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ciry, before it be confirmd by more certain Tokens, which cannot be done 
without the more diligent Obſervations of more Ages ſtill, = 

8. But though the change of the Obliquity of the Ecliptick may ſeem to be 
owing to the like uncertainty of Obſervations; yer if you defire at Accounr 
of it, it may be ſalved by conceiving a certain fort of wavering Motion of the 
Poles of the Ecliptick, by which they do very gently.nod, as it were, to and fro, 
under the Colour of the Solftices, towards the Poles of the Agquator ; whence it comes 
to pals, that the Ecliptick it ſelf muſt needs be ſometimes parted more from the 


Aquator, and again ſometimes leſs. 


a 
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CHAP. IL 


Of the Equipollency of the Homocentre-Epicycle, and of 
Eccentrick, in SaFving the Motion of the Sun, and of 
other Planets. PI 


1; I Call that Circle an Homocentre, which has the ſame Centre that the 
Earth has; and an Epicycle is a little Circle that has its Centre fix'd in 

. the Circumfcrence of a greater, together with which Circumference it is carried 
round : Thetefore an Homocentre-Epicycle, is a greater Circle, that has the ſame 
Centre with the Earth, and that in its Circumtercnce catries abont with it the 
Centre of the Epicycle, and fo the Epicycle it ſelf. Thus in Scheme IL if A 
be the Centre ot the Earth, and alſo the Centre of the. Circle A C E F, this 
will be the Homocentrick Circle, and its Circumference is fixt C, the Centre of 
the Epicycle C D G. Therefore the greater Homocentrick Circle ACE F, to- 
- gether with the Epicycle CD G, is, by a compounded name; call'd the Homo- 
centre-Epicycle ; ;uft as in like manner the. Circle BD E F, having irs Centre B 
different from the Centre of the 'Earth A, is an Eccentrick, in this place, with- 
out an Epicycle:' but if to this Ecceatrick Circle you ſhould add an —__ 
. Whoſe Centre ſhould be carried about in the Circumference of the Eccemrick; it 
would be call'd, by a compounded word, an cen Tg" 68 
. 2, Now if the wo AC of the Concentrick A C E F be 45; 2 to be equal 
to the Ray B D. of the Eccentrick BDEF, and the Ray C D of the Epicycle 
be ſuppog'd equal to the Eccentricity A B; belides let two Motions be. imagin'd, 
the firſt of the Centre of the Epicycle C, in the Circumference C E F, and of the 
Planer ir ſelf; the Sun for example, in the Circumference of the Epicycle from 
G to D, and fo on, till-it return to G again; io that the Motion of the Planer 
in the Epicycle, in the Semicircle farcheſt from the Earth A, be contrary to 
the. Motion :of the Centre of the Epicycle carried from C through E and F ; bur 
in the nearer Semicircle let them tend the fame way, and let the Revolutions, 
as well of the Planet in the Epicycle, as of the Centre of the Epicycle in the 
Circumference of rhe Homocentre, be not only equable and uniforms  thar 1s, 
going on equally in an equal ſpace of time, but ler both the Revolutions alſo 
e performd in/the ſame Compaſs of time, ſo that the right Line EC D, drawn 
from the Centre of the Epicycle C, to the Body of the Planet D, may al- 
ways remain parallel to itſelf, as may be leatnt trom Wt Scheme. And then 
let the Sun be conceiv'd to move ſeparately in the Eccentrick B DEF, with an 
uniform Motion, that is to be finiſt'd in the ſame time that the Homocentre A 
CEF is rolled about. Theſe things being ſupposd, I ſay, there is'@ perfe& 
pong aggs'+ or 'ris the ſame thing, whether according to the firſt way: the 
yun be moy'd in the Circumference of the Epicycle that is carried abour 1n the 


| Fig. IL 


Homocentre, or whether after the other manner ir go about in the Eccentrick 


alone z for in both Caſes 'tis plain, ic will haye the fame place, ' And; in this 
Fong of Homocentre-Epicyclc the Line of the Middle Motion AC, is drawn 
from the Centre of the Earth ro the Centre of the Epicycle; but the Line of the 
true Motion is A D, drawn fromcheEarth tothe Body of the Planet in the Epicycle. 


The 
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. the Stars by. and 
ferent from this is the apparent or Natural day, which the true Sun does 
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The Demonſtration. 


In the Ouadrilateral or fourſided Figure AB CD, take A for the Earth, B 
i5 the - dc or the t:ccentrick, Cthe Centre of the Epicycle, D che Sun. Inthe Zhpe- 
thefisot the Homocentre- Epicycle, the Line of the Middle Motion AG, rogether with 
the Line of the Apogee G A B C, makes the Angle C A G, (the ſpace ot which the 
Line of the Middle Motion is departed from the Apogee, ) to which, accordin 


co ſuppoſition, the Angle G C D is equal, or the Arch G D, (the ſpace of which the 


Sun 1s departed from the Apogee of the Epicycle') fo that ir is in the Point D, 


p Ifcherefore from the Centre of the Eccentrick B, or draw a ftreight Line B D, 
3 


to the Sun D, it will be equal and parallel to A C, ſecing they are joyned 
Lines that are parallels 24 equals, and fo the Point D will fall into the Cir. 
cumference of the Eccentrick; and alſo the Angle C B D, being equal to the 
Angle C AG, proves, that the Sun in the Eccentrick came in the fame time 
ro the ſame Point D, that ir had come to it in the Epicycle, which is the 
ching, that was to be Demonſtrated. 


—_— 
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CHAP. III, 
Of the Equations of T ime. 


——— 


* 


_ all Motion is in time, therefore the very Mortons of the Stars are cit- 


cumſcrib'd in certain Periods of rime; bur ycr again 'tis the daily and yearly 


Motion of the Sun, that deſcribes and divides Time : So that the one cannot be 
underſtood without the other; that 1s, neither Time without Motion, nor Mo- . 
tion without Time. But farthermore in all Heavenly Motions, there is a cer-' 


rain Inequality or Irregulariry, as 'tis plain, concerning the Sun, from what has been 
ſaid. Now Time, which as a meaſure is _—_ toſuch various Motions, and which 
are every moment alterable, ought to be as uniform and equable, as poſſible, 
that a confufion that cannot be reftihed may not ariſe. But now ſince ſucha 


' moycable Body, that by its Motion does meaſure out an uniform and equable 


Time, can no where be found; therefore Aſtronomers are of different opinions, 
whilſt every one frames to himſelf, what to him ſeems moſt agreeable. Bur 
howſoever they differ, we muſt ſuppoſe ſome ſuch moveable Body, as is con- 
tinually rolled about to the Meridian in the very ſame ſpaces of time, and ſo 
makes an equable day; and alſo that it moves. uniformly to the Equinottial 
Points, and ſo meaſures our a Tropical Year of an indifferent Quantity. Now 
to me there ſeems nothing more fit for this, than a certain fiftitious or ſuppoſed 
Sun, that in a moſt regular Motion, and that equal to the middle Motion of 
the Sun, may move, not in the Ecliptick, but in the AZguator itſelf ; whence it 
would come to paſs, that while the ſuppoſed Sun is moyed from the Meridian 
to the Meridian again, all the Degrees of the Aguator, in number 360, would 


- one after another; and beſides, that part of the Equator, which the ſuppoſed 


n had in the mean while paſsd through by ics middle Motion, 24x. 5g. 8": 
and fo one day would perpetually be cqual to another, which therefore 
I call the Aſtronomicalday ; becauſe *tis very fit for computing the Motions of 

omers in their Tables can uſe none other than this. 


make by his apparent Motion, being moved from the Meridian to the Meri: 
dian again. | 

- Which apparent Motion of the Sun, *tis certain, is unequal, as is evident from 
what goes before ; for the Sun docs continually move faſter and faſter or clſc 
abate of its Motion : Whence it comes, that that portion which is daily to be added 


to the perfe&t Reyolution of the Aguator, is not always of the ſame quantity; 


and if it ſhould be fo, yet there are nor cqual portions of the Aguator ( between 
the Circles of Declinations, that go through the Sun's yeſterday's and to day's Place) 
to anſwer thoſe portions, which by the Sun are daily gone through in che agr> 4 
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tick. Hence the apparent days muſt needs, be unequal. Now the difference of 
Time, which is between the true and __—_ Sun's coming to the ſame Meri- 
dian is that Equation of Time, which is here treated of: For ſometimes the ſup- 
poſed Sun comes ſooner ro the Meridian than the true one, and then the Noon- 
day of the Aſtronomical Time comes before the apparent Noon-day; that is, 
che Aſtroriomical Time. is reckon'd rwelve hours, when the apparent Time is 
aor reckon'd many; though in reality it be altogether at che ſame moment of 
Time, which is calld by divers Names, according to the firſt it being reckon'd 
more of the Clock than according to the laſt. Bur again, on the other hand 
ic ſometimes happens, that the true Sun comes ſooner to the Meridian than the 
{1ppoſed one ; and then; according to the apparent, 'tis reckon'd twelve a Clock, 
when according to the Aſtronomical Time 'tis not reckon'd fo much: Now 'ris 
plain, that the ditierencc that is berween the co ning of che true Sun and of the 
ſuppoſed Sun to the Meridian, is the Arch of the Equator, that is between 
the place of the ſuppoſed Sun and the right Aſcenſion of the True, which 
Arch, if it be turned into Time, by reckoning 4' .of an hour for every Degree, 
we ſhall then have the Equation of Time. In Scheme HI. let y be the 
true Equinox, Y M V part of the Vernal Quadrant of the Ecliptick, y r m » 
the Aquator, M the middle owe of the Sun in the Ecliptick, V the true place: 
Ler the Arclhy Y m be ſupposd equal to the Arch y M, and the Arch y » to 
the Arch 4'V; and fo let m be the place of the Sun ſupposd in the Ayguator, as 
far diſtant from Y as M is diftant from it: Let V r be the Circle of Declina- 
' tion, paſſing through V the true place of the Sun, and in the Aquator making 
its right Aſcenſion in the Point r. Now therefore the Equation of time is the 
Arch r m, that lies between the ſuppoſed Sun m, and the right Aſcenſion of 
the true Sun 7, And in this example the true Sun V with its right Aſcenſion 
r, comes ſooner to the Meridian, than the ſuppoſed Sun M: wherefore the appa- 
rent Noon-day comes ſooner than the Aſtronomical. You __ alſo obſerve, 
that the Arch r» m, which makes the Equation of time, is alway either the 
Summ or the difference of rwo Arches, of which one is the difference of the true 
Motion of the Sun, and of its right Aſcenſion, and the other the difference of 
the true and middle place of the. Sun. Thus in this Example the difference 
of the true Motion of the Sun y Vor Y », and of its right Aſcenſion y r is 
rv; and the difference of the true and middle place of the Sun M Y, or m ». 
Now therefore if from r » you take away m », there remains the Arch of 
Equation r m, to be turn'd into time. - The like Examples in the other Qua- 
Cao of the Ecliptick, every Student in Aſtronomy may draw to exerciſe him- 
clt by. 


__ 


— 


Of the Motion of the Moo. 


1. Þ Ecauſe the Moon, as well as the Sun, and the reſt of the Planets, moves 
| ſometimes faſter, and ſometimes ſlower; hence it comes, that its Longi- 
tude in the Zodiack is varioufly alter'd. Bur beſides, becauſe both the Moon, 
and the leſſer Planets do go wide of the #guator, fomertimes more, and ſome- 
times Jeſs than the. Sun : This occaſion'd rhe Conſideration of their Latitude 
or Departure from the Ecliptick : Wherefore in the Sun indeed its Longitade 
was only to be confiderd, bur in the Moon, and the other Planets, we are to 
conſider both Longitude and Latitude: 4 | | | 
2. Now as in = Sun we find bur only one . Inequality of Motion, that is to 
be made up in a perfett Revolution; ſo we find, that the Moon, and the other 
lanets, are liable to a twofold Incquality of Motion; both of which do indeed 
come into a kind of roundneſs of Morion ( or are made equable ) in-a 
certain ſpace of Time: Bur fince there is not a Revolution of both in the ſame 
ume, theretore from the various compounding or ConjunCtion of this rwo- 
Incquality, there ariſes a yarrous Complication of Motions, vw 
cnart 


Fig. I: 
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. that we may diſtinaly underſtand, it will be beſt ro take a View of both Ine. 
qualities ſeparately from one another. Ls 

For the one, which is called the firſt, is abſolute of it ſelf, becauſe ir hap. 
pzns to the Moon and Planets, without any Relation to their Configuraricn 
with the Sun: Burt the other, in the Moon, is called the Monthly ; and jn 
the Reſt, the Yearly ; and alſo the ſecond Inequality, as being tied to, and 
depending upon the Moons monthly Congreſs, or coming together with the 
Sun; or of the Sun with the Superior Planers : Or, laſtly, Upon the Rey 
lution of the Inferior on this fide, or beyond the Sun. | 

3. The firſt Incquality of the Moon Prolomy explains by an Epicycle, the 
latter by an Eccentrick : But ſince the Eccentrick does not only carry an Epi- 
cycle, bit does alſo. influence its Motion, and in ſome fort govern it; therefore 
<4: ſecond, or the monthly Inequality of the Moon, is firſt of all to be under. 
ſt 


ood. 
Fig. IV. Now therefore in Scheme IV. Suppoſe T to be the Earth, A T E the Line 


of the middle Motion of the Sun, going on together with the middle place of 
the Sun every day 59g', 8”, and governing this ſecond Inequality of the Moon; 
which monthly Inequality, if it ſhould be made up only once in every Ly- 
nation, ( 2. e- ) betwixt every Change and Change, the Motion of the Moon's 
Eccentrick would differ in nothing from the Sun's ; and, as in the $Syzygtes, (by 
which common Name the Full, as well as the New of the Moon, is meant.) 
' the Centre of the Eccentrick is in the Line of the middle Motion of the Sin 
T A, namely, in the Point I, fo it would | ge ng continue in the ſame 
Line of the middle Motion of the Sun ; and the Moon in every time of its 
oing from, or returning to the Sun, would come once to the Perigee of the 
ccentrick, and once to the Apogee. But now, ſince in every Lunation the 
Motion of the Moon is twice quickned. and abated, by reaſon of this ſecond 
Inequality ; therefore ir muſt needs be twice, in the Apogee, and twice in the 
Perigee of the Eccentrick : In the Apogee at every Change and Full, in the 
Perigee in every Quadrature. | | 
This then may be done, if we conceive theſe three Lines, Firſt, Of the mid- 
dle Motion of the Sun. Secondly, Of the Moon's monthly Apogee. Thirdly, 
Of the middle Motion of the Moon, which in the midſt of every New an 
Full Moon do fall into one Line A TE; bur after every New, or Full Moon, 
they are ſo parted, rhat the Line of the middle Motion of the Sun lies in the 
midſt berween the other two, which lie on each fide at an equal Diſtance: 
For ler the Line of the monthly Apogee AF, which has the point A fartheſt 
from the Earth, and the point F neareſt, be conceiv'd to be fixt indeed at the 
Point T, but in the whole length beſides ro be moveable; ſo that from its 
firſt Situation A 1 F, it may be carried to a ſecond B 2 G, and thence to a third 
C } c, from thence to a fourth D 4 H, and Jaſt of all ro a fifth E 5l. And 
ſo while the Apogee of the Eccentrick paſſes. through the Points ABCDE, 
on the other ſide the Perigee paſſes the Points F Gc HI. And the Point 1 
( which is the Centre of the Eccentrick, ) that lies berween the Apogee A, and 
the Perigee F, does in the ſame time paſs the Points 1, 2, 3, 4, 5, and ſo does 
by its motion make the lirtle Circle 1, 2, 3, 4, 5: But now it from the Cen- 
tres 1, 2, 3, 4, 5, be made Circles, whoſe Semidiametre ſhall be the ſpace be- 
tween 1 A, or 1 F; they will give the Poſition or Situation of the Eccentrick 
at the ſeveral times berwecn the New and the Full of the Moon : For as for 
the other half, which is from the: Full to the New of the Moon, it was not 
convenient to expreſs it in the Scheme, leſt there ſhould be roo much Confu- 
fion. Now ſuppoſe this Motion abour the Point T, to be equable, proceeding 
day by day towards the Antecedent Signs, (that is from A towards B, ) eleyen 
degrees and rwo minutes; ſo that its return to the Line of the middle Motion 
of the Sun A T E, may be in a Synodical Month, thar is in that ſpace of Time 
in which the Moon departs from the Sun, and returns to it again, 3. it 
ewenty nine days, twelve hours, and forty four minutes. Bur the Line of the 
monthly Apogee is ſomething longer in running through the whole Zodiack, 
viz. thirty two days, three hours, and almoſt five minutes. For ſince the Line 
of the middle Motion of the Sun, while the monthly Apogee goes back into 


the Amecedent Signs, does for its part go forward into the\ conſequent Signs 
and 
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and ſo moves towards the other ; thence 1t comes to paſs, that they meet onc 
another ſooner than the Line of the Apogee can have gone through the whole 
Zodiack. And the Line of the middle Motion of the Moon departing likewie 
fom the ſame A T E, it is alſo equally moved about T into the conſequent 


Signs from the poſition I A, to. the polition I b, thence to T c, T d E 3 


{ that the Angles, which the Lines of the monthly {\POBee, and of the mid- 
Jle Motion of the Moon, do make on both ſides ro ATE, the Line of the mid- 
Jie Motion of the Sun, are conſtantly equal, ATBwoATb, and AT Cro 
AT c, &c. Now this Line of the middle Motion of the Moon does cvery 
day proceed thirteen degrees and eleven minutes ; fo that irs Revolution to the 
ſame place of the Zodiack is performed in twenty ſeven days, ſeven hours, 
and forty three minutes ; which makes a periodical Month : For the Sun be- 
ing in the mean while gone a whole Sign trom the former place of Con- 
junction, the Moon does not overtake 1t ill two days after. Hence, ir comes, 
thar the Moon changing, and the Line of the middle Motion of the Sun be- 
ing almolt in-the midſt, when the Apogce of the Eccentrick is in B, the Cen- 
tre of the Epicycle (though the Epicycle be nor yer expreſsd in this Scheme ) is in 
þ : When the Apogce is in C, the Centre of the Epicycle is in c; when in D, 


' the Centre of the Epicycle in d; till ſuch times as they - meet one another in 


E. And farther, hence it comes to paſs, That when at the New Moon the 
Centre of the Epicycle is in the Apogee of the Eccentrick in A; then, when 
ir has paſt a Sign and an half, or is in the midſt of the firſt Quarter, it is in 
T b, the middle diſtance from the Earth ; in the Quadrature or firſt Quarter, 
tis in the Perigee of the Eccentrick, and in the other half quarter it is again 
in T d, the middle diſtance from the Earth, till at the Full Moon it return 
to the Apogee in E. Likewiſe after the Full Moon, the Centre of the Epi- 
cycle comes to the Perigee of the Ecccntrick, and about the New Moon it re- 
turns to the Apogee ; fo that in rhe whole Lunation it makes not a Circle, but 
a kind of Elliprtick, or an Oval Line, fſuctr as is ſhown in this and the fol- 
lowing Scheme, by the Points AbcdEfgh A. And fo ar lengrhit hence fol- 
lows, that the diſtance of the Moon from the Apogee, for inſtance, B T 6, is 


always double to irs Elongation, or fartheſt departure from the Sun AT þ. 


And whereas in the Sun, the dittance of the Line of the middle Motion from 
the Line of the Apogee, is call'd the Anomaly or the Argument ; here, in the 
Moon, it is called, not by the ſame, bur a difterent Name, to wit, The Cen- 
tre of the Moon. Now all that this ſecond, or monthly Incquality of the 
Moon does, is this ; It makes the Centre of the Epicycle, rwice in a Lunati- 
en, draw near the Earth, and makes it twice be remoyed farther from the 
ſame, as it plainly appears in Scheme V. Whence it happens, that the ſe- 
cond Inequality alone, without the Confideration of the Epicycle, does nothing 
alter the Motion of -the Moow's Longitude : For though the Centre of the Epi- 
cycle does, by ſuch a Motion, come ſometimes nearer to the Earth, and does 
again depart farther from it; ycr the Angles AT b, A T c, ( the ſpace of which it 
recedes from the Line of the middle Motion of the Sun, ) are always increaſed 
equally; and ſo to our ſight, who are placd in T, the Centre of the Epicycle 


ſeems to move equally. Therefore hicherto we have been laying the Founda- 


tion for the ſecond Inequality, and have ſhown from whence it ariſes; though 
we cannor, as yet, underſtand the Effect of ir, before we make uſe of an Epi- 
cycle; which, beſides receiving and drawing into it ſelf the Effedts of the 
monthly Inequality, -does alſo in its Gyration, or wheeling about, add. another 
Inequality of its own, called the Abſolute, which ] am now about to explain. 
4+ Now then in Scheme V. where there are the ſame Letters over again, 
that there were in the former, and they lignifie the ſame; viz. A T E; the Line 
of the middle Motion of the Sun, &c. Now the Epicycle. by the Motion of 
the Eccentrick above explain'd, obtains a various diſtance from the Earth T, 
and moreoyer ir goes round by its own proper Motion, carrying about with 
It the Body of the Moon, ſometimes from 7i, towards K and y, ſometimes again 
from y, toward Z, and i, whereby it happens, that the -Moon does by this In- 
equaliry ( which is call'd the firſt ) depart from the Line of the middle M9- 
ton I A, ſometimes towards the fide K, ſometimes toward Z.; ſo rhar running 
through Fig. V. the upper part of the Epicycle Z 2 K, (which is the part far- 
Bbbbb 2 theſt 
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neem, 
cheſt from the Earth.) it is carried contrary to the order of the Signs, and (6 
abates of its Motion . But on the other hand, being in the lower Semicircle of 
the Epicycle K y Z, which .is neareſt the Eartn, ic is carried according to the 
Order of the Signs, and fo its Motion is made iwifrer. And this Revolution 
of the Moon in the Epicycle, and the frit Incquality which rites from ir. js 
erform'd neither in a Periodical month, nor a Synodica!, bur in a tpace of time 
[ef than a Synodical one, bur greater than a Periodical. | 
For whereas a Periodical Month is made up of rwenty feven days, feven 
hours and 43', and a Synodical one of rwenty nine days, twelve howrs and 44/. 
this Revolution of the Moon in the Epicycle is finith'd in rwenty ſeven days, 
thirteen hours and almoſt 5g; and for this reaſon this Incquality is called the 
Abſolute, as being ried to no certain Configuration of the Moon with the Sun, 
For when, for inſtance at any new Moon, the Moon is in 2 the Apogce of the 
Epicycle, in the half Quarter ir will be in b, diſtant from the Epicycle's mid- 
dle Apogee K the Arch K L, but from the Epicycle's true Apogee .r the Arch 
rL; K L indeed is call'd the middle Anomaly, or the middle Argument, bur 
7 L is the trac; but the true Apogce of the Epicycle, is a Poigt in it very remote 


from the Earth, which ſhews the Right Line, drawn from the Earth T, thro 


the Centre of the Epicycle : Burt now the middle: Apogce of the Epicycle K, as chown 
by the right Line Gb K, drawn through the Centre of the Epicycle trom 6 the 
Point, that is oppolite ro the Centre of the Eccentrick when 'tis in 2. For in 
the Syzyzizs and Quarters of the Moon, the true Apogee of the Epicycle falls in 
with the middle Apogee; bur in the times berwixt thoſe they vary from one 
another. Then the Che of the Epicycle being mov'd on into c, the Moon 
will be in M in a Quarter, that is, ninety degrees remoy'd from the Sun; and 
its middle Anomaly as well as its true will be I M. So the Centre of the Epicy- 
cle going on into 4, the Moon will be in N, diſtant from the Epicycle's mid- 
dle Apogee m, the Arch m s N, but from the true Apogee s the Arch 5 N. 
In oppoſition the Moon will be in O, "diſtant from the middle, as well as true 
Apogee of the Epicycle n, the Arch n 12 O, which will be ſomething greater 
than a Semicircle: For the- whole Epicycle runs round ſooner than the Luna- 
tion is compleated ; and therefore in half a Lunation, the Epicycle makes 
more than a Semicircle: And fo farther on you may obſcrve the Courſe of the 
Moon in PQR, rill it be in.X, art the end of its Lunation; namely, when 
in a Synodical Month it has run through the whole Epicycle, and the Arch z x 
beſides: And thence beginning another Month, 2:3. from X, it will paſs through 
the PoinnsSTV XY Z,9, 10. Hence it is, that x Incquality that riſes from the 
Motion of the Epicycle is call'd Abſolute, becauſe when the Lunation is ended, 
the Moon does not return to the ſame Point of the Epicycle, from whence it did 
depart: But by the Elliptical Motion of the Epicycle, which is conſtantly finiſh'd 
in every Lunation, the Epicycle ir ſelf dozs approach the Earth twice in every 
Monrh, and is twice remov'd farther from ir: Wherefore ic muſt needs be, that 
not only . the whole Epicycle, bur alſo irs parts, and irs Arches of Anomalies | 
KL, LM, MN, muſt according to the different diſtance from the Earth, af- 
ford different Appearances of magnitude to - thoſe that behold them from T, 
and fo that departure of the Moon from che Apogee of the Epicycle, or from 
the Line of middle Motion, though it be in ir felr the ſame, yer it mult ſeem 
greater or leſs, according as the tpicycle is nearer to, or farther from the Eye. 
And thus the Motion or the Eccentrick, making ſuch an Approachment, and 
again ſuch a Retreat of the Epicycle, is the cauſe of the ſecond Inequality of . 
the Moon, which is calld the monthly: And the effet of the ſame we per- 
ceive in the Epicycle ir ſelf, which for that reaſon appears ſometimes leſs, an 

and fomerimes greater, and ſo ſhews- the Arch of the Moon's Digrefſion in like 
manner, ſometimes greater, and ſometimes leſs. Bur however the very Eye docs 
withour much difficulty diſcern, that the Epicycle, when in c, is ſeen under a 
greater Angle M T S, than if the ſame being plac'd in A, ſhould be ſecn under 
the Angle Z T K; and that the urmoſt Digreſſion of the Moon 1 T M fecms 
greater there, than even the greateſt ; T K docs ſeem here. Now what 1s ſaid 
of variouſneſs of the greateſt Digreſſion, the ſame is likewiſe underſtood of any 


_ other Digreſhon whatever. Bur farther, the declining of the true Apogee 0 


the Epicycle from the middle one, does alſo help the ſecond Inequality ; by which 


ir comes to paf, that the Epicycle, abouttche time of Conjun&ion or oppoſition, 
com- 
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coming from h by A to 6, the middle Apogee 9 comes nearer and nearer to the 
rue one #, untill it be joyn'd to 1t in 7, and thence it runs teyond the true 
Apogce r into K, the Motion tending towards the Antecedent Signs, and fo the 
ſame way that the Moon 1s carried; and therefore for this reaſon the Motion 
of the Moon in the Epicycle muſt needs be quicken'd : For ſeeing the Moon 
deparrs from rhe middic Apogee, as from a certain Goal, always with an equal 
ſ\wiftneS, it the Goal it ſelf, from whence the Motion- is computed, do together 
with it go on towards the ſame place, the progreſs of the Moon mult certainly 
be fo much the more advanc'd, by how much the Goal helps it by its Mo- 
tion. Bur ir 1s truce, that the contrary happens about the Quarters for the con- 
trary reaſon, that is, before and afrer them the Motion of the Moon in the Epi- 
cycle is made flower. And now the Arch » K, or the Angler b K, by which 
the middle Apogee differs from thetruc, is call'd the Proſthaphereſis, or the Equa- 
tion of the Centre, and is equal ro the Angle 6 b T. Bur the Angle r T L, 
chat lies between the Lines of the middle Motion of the Moon » F. and of 
the true Motion of the fame I L, (drawn from the Farth through the Pody 
of the Moon,) iscalled the Equation of the Argument; and whereas there the Proſtha- 
ph-erejis of the Centre is added tothe middle Argument, that the true may be found ; 
if the Centre of the. Moon be leſs than ſix Signs; and is. ſubſtrafted, if it be 
ercater: Here on the contrary, the Equation of the Argument is ſubſtraded, 
if the Centre of the Moon be lefſer than ſrx Signs; and is added, if it be 
water, 

, 5. But ſeeing *tis uſual in the old Aſtronomy to compute the Inequality of 
the Moon, ard fo of the other Planets, by excels and proportional Scruples, thar 
the Reader may not be quite ignorant of this doftrine, let him take briefly thus : 
The Epicyclical Proſthaphereſes, as for inſtance » T L, by reaſon of the Epicy- 
cle's Approachment to the Earth, are increasd, and fo do admir of as many va- 
ricties as there are divers diſtances of the Epicycle it ſelf from the Earth: Bur 
to £0 about to compute the Proſthaphereſes of the Moon as in every degree of 
the Epicycle, for ſo many diverſe diſtances would be too troubleſome and mad 
a piece of work: Therefore the Ancients computed the ſaid Proſthaphereſes on- 
ly for rwo diſtances of the Epicycle, to wit, the greateſt and the leaſt; whence 
were made the leaſt of the Epicyclical Proſthaphereſes, belonging to the Moon, 
when in the Apogee of the Eccentrick, which Proſthaphereſes they laid down in 
Tables; but the greateſt that were found by the ſame Computation, which be- 
long to the Situation of rhe Epicycle in the Perigee; they did not draw up in 
Tables, but they pur down the differences, whereby theſe exceeded rhe leaſt, 
by the name of Exceſs, divided into ſixty Scruples. Then to any diſtance of 
the Epicycle from the Earth they added proportional Scruples, which ſhew 
how much of the whole Exceſs, or rather Increaſe of the Proſthaphereſes was 
owing to ſuch or ſuch a Situation of the Epicycle between the fartheſt and the 
neareſt. For the proportional Scruples being brought into the whole Exceſs, 
out of them came a portion to be added to every Proſthaphereſis of the Epicy- 
cle in the Apogee, that ſo may come a juſt Proſthaphereſis for ſuch a Sian 
of the Epicycle from the Earth. And thus have I laid down whar ſeem'd re- 
quiſite, of Ptolomy's Theory of the Moon. 


6. The other Phenomenon, wherein the Moon appears to depart from the - 


Aquator ſomerimes more, and ſometimes leſs than the Sun does, is explain'd 
by the Motion of Laticrude: For as the way of the Sun, or the Ecliprick, does 
cut the Zquator_ obliquely in the rwo oppoſite 'EquinoCtial Points, ſo the way 
of the Moon or. the Eccentrick which it moves in, does not direftly lie under the 
Ecliptick, but cuts ic obliquely in two oppoſite Points, calfd Nodes or Knots; 
and that is nam'd the Aſcendent, by which it paſſes from South and North; and 
that the Deſcendent, by which ir paſſes from North ro South : And therefore 
Ir comes, that 'the Moon, in moving in its Orbit or way, is found twice in the 
Ecliprick in every Period or Revolution of it 3 namely, when it is in the Nodes. 
Ar all other times, it is diſtant from it more or leſs : For its greateſt Digreſfi- 
on happens about ninety degrees from the Nodes as may be underſtood from 
this Figure VI; where & is the Aſcendent Node, or the Dragon's Head, & the 
Deſcendent Node, or the Dragon's Tail; & B, & A, rhe Orbit of the Moon, 
8 E, & the Ecliptick,” B the Northern Bound, A the Southern. Now the di- 


flance of the Moon from the Ecliprick, taken in the Circle of Latitude, =_ is 
rawn. 


Fig. VL 
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drawn perpendicular through the body of the Moon to the Ecliprick, is calpg 
the Larkud: of the Moon ; which, when greateſt, is of five degrees. . But here 
tis to be noted by the way, That the Nodes of the Moon arc not fixt in an 
certain Points of the Ecliptick, but do go on by little and little towards the 
Antecedent Signs, every day ſome little more than three Minutes, fo within 
almoſt nineteen years they go their round. SN | 

Now this Theory of the Moon, which I have now explained, is till bur 
lame and defetive, upon ſeveral Accounts. Later Ages Ln indeed, in a ' 
great mcaſure, mendcd its Impcrtcftions; but vet one thing above all the ref 
icems ro be intolcrable in it, That in the Quarters, ic makes'the Moon þe 
roo ncar the Earth; whereby the apparent Magnitude of the Moons Diame- 
tre would, abour thoſe times, become almoſt as big again as in the Syzyzies; 
which even the Vulgar themſelves know to be fall. | 30 


CHAP. V. 
Of the Phaſes, or the Appearances of the Moon. 


HE Moon is an Opaque, or thick and dark Body, and does in no wiſe 
let the Rays, which it receives from the Sun, paſs through ir, bur re- 
fleas them back again, as the Earth does: And farther, ſceing it 1s of a Sphe- 


' rical or round Figure, no more than about the half, or little more, is enlight- 


ned by the Sun; and the other part, which is turn'd from the Sun, is in 
Darkneſs, and does not caſt' any Light to our Eycs, except perhaps tome faint 
kind of Light,” about the New Moon eſpccially.- Burt as the Rays that come 
from the Sun, and fall upon the Moon, do diſtinguiſh the enlightened Hemi- 
ſphere from the Opaque ; ſo again, The Rays that go from our Eyes to the 
ſame Globe of the Moon, do diſtinguiſh the vitible Hemiſphere, or half of 
the Moon, from that which is not teen. If therefore it fo happen, that the 
Rays that go both from the Sun, and from our Eye, do fall upon the Moon 
on the ſame fide, then the enlighten'd Hemiſphere muſt needs be rhename 
with that which 1s viltble ; ſince the Sun and the Eye do look upon the Moon 
from the ſame parts, or on the fame ide, as I ſaid, and then the Full Moon 
appears to us. But on the contrary, when the Moon is placd in the mid}, 
between the Sun and our Eye, it happens, That the Hemiſphere that 1s en- 
lighten'd by the Sun, is to us nvilkle + but the other Opaque Hemiſphere 
that is turn'd from the Sun, is then towards us ; and. then the Moon is not 
taken out of the Heavens, but to our Eycs diſ-appears ; at which time is that 
which we call the New Moon, or the ſpace between one Moon -and another 
or the thirſty Moon. It may allo happen, that not the whole. enlighten” 
Þ hae wa may be ſeen by us, as *tis in the Full Moon ; nor the whole Opaque 
Hemiſphere be turn'd towards us, as 'tis in the New Moon ; but part of the 


cnlighten'd, with part of the Opaque, may be turn'd towards us, as 'tisat the 


times between the Change and Full, and then the Moon ſhines not with an 
whole Hemiſphere, bur with 'a greater or leſs part of it, according as leſs or | 
more of that which is enlighten'd does offer it ſelf to our Sight : And hence 
are all theſe different Phaſes of the Moon, which appears horned, then an Half 
Moon, then bunching out on each fide, and then a Full Moon, as may be feen 
in Scheme VII. where the Moon running through its Orb, trom the time 

ics Conjuntion with the Sun, does ſuccefſively appear fuch as it is here repre- 
ſented by thoſe parts of the Circle that arc left white. And the Cauſe of rhele 
Phaſes may in ſome meaſure be underſtood from Scheme VIII. while the Moon 
gocs about the Earth, the Sun does continually enlighten one half of it ; bur of 
that half ſometimes more, and ſometimes leſs, and ſometimes none at all, 1s 
rurn'd rowards us. And the Semicircles that are turn'd toward the Earth, or 
toward: the Eye, are to be conceiv'd as if they were half Globes ; and the 
bending which cannot be repreſented in a Plain, is ro be ſupplyed by _ 


nation. Now here three things eſpecially arc to be obſery'd ; Firſt, ne” con 
an 
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Cme fide of the Moon is always towards our Eyes, which is provd by the 
Spots of the Moon, which always appear to be the ſame. For if ſometimes 
one, and ſometimes another fide of the Moon thould be towards us, different 
Spots would ſurely appear. Some indeed object, T har this can in no wile 
conſiſt with the Motion of the Moon in the Epicycle ; For in Scheme XXX. 
while the Centre of the Epicycle comes from A, through b, c,d,toE,; if the 


Epicycle ſhould be depriv'd ot its proper Motion about its own Centre, and . 


rhe Moon that is fixt in it be in z, the Moon would be carried; together with 
the Epicycle, into and the Parts, as well of the Epicycle, as of the Moon, 
which in A were turn'd to or from the Earth T, the fame would alſo be 
rnd to or from it in E: But if the Epicycle ſhould moreover be conceiv'd 
'o roll about in the mean time, with the Bcdy of the Moon fixt in it, from 
1 through 12 to O ; then truly that part of the Moon, which being in », 
was turr'd from the Eye placd in T, the ſame being in O would be turn'd 
from it, and ſo contrariwiſe. Bur the Anſwer ro this is eafie; For 'tis but ſup= 
py the Body of the Moon to be moy'd about its own Centre, that it may 


as much turn'd towards the Earth by its own Motion, as by the Motion of 


the kpicycle it is turn'd away from it. - | = Tn 

Fig. VII. The ſecond thing to be obſerved is, That the Moon does firſt of 
- all appzar with very ſmall Horns, ſometimes one day, ſomerimes two days, 

and ſometimes not till three days from the time of its Conjun&tion or Change: 
And the ſame may be ſaid of its my Fad before its Conjun&Etion ; of which 
three Cauſes may be afſign'd, The firſt is the ſlowneſs or ſwiftneſs of the 
Moon's Motion : For with that part of the Epicycle, which is towards rhe Earth, 
the Body of the Moon tends towards the Confequent Signs, and ſo the ſame-way 
that the Centre of the Epicycle does; whereby its Motion is made more ſwitr. 
The contrary happens, when the Moon, being- in that part of the Epicycle 
which is fartheſt from the Earth, moves againſt the order of the Signs, and 
ſo takes off from the Motion, by which the Centre of the Epicycle does con- 
tinually -move into the Signs Conſequent. . Now, by how much the Moon 
moves the faſter, ſo much rhe ſooner does it m_ rom the Sun, and ſhew 
irs Horns. Another Cauſe is the Moons being plac'd in Signs of long or ſhort 
Aſcenſions or Deſcenſions : For when the New Moon is in Signs of long Aſcenſi- 
ons, namely, w, =, X, Y, BS, I; then the degrees of the Ecliptick, that are 
berween the Sun and the Moon, are longer in going down, and make the 
Moon ſtay longer above 'the Horizon after Sun-ſer ; and fo it gets our of the 
Twilight the ſooner, from the Time of its Change, fo as that ir may be ſeen. 
In like manner, the Old Moon being in the Signs of long Aſcenſtons; s, &, 


Fig. vi: 


-, Mm, +, ariſes the earlier before the Sun ; and 'ſo, though it be near 


mp, 
the Conjuntion, yet however it is ſeen. The contrary happens ro the New 
Moon, when in Signs of ſhort Aſcenſions; and to the Old Moon, when in 
Signs of ſhort ones. The third Cauſe is the Northern or Southern Latitude 
of the Moon: For in the Northern Hemiſphere of che Earth, by how much 
the Moon is more North; ſo much the ſooner does it ariſe before the. Sun, 


and ſers the later after it ; whereby again, it is the ſooner ſeen, when *tis New ; 


and the longer when 'tis Old. But it happens to the contrary, when it 1s 
more South. 

The third Thing worth Obſervation, is that faint kind of Light, which 
belides irs Silyer Horns, appears both in the New and the Old Moon, and 
makes the reſt of its Hemiſphere viſible : *Tis -call'd its ſecondary Light, and 
is commonly thought to be the Native Light of the Moon. Bur *tis to be ob- 
ſerv'd, That ir is owing to the Earth, which rcfleQs rowards the Sun, and 
the neighbouring Region, the Rays that it receives from it. When therefore 
the Moon, abour the time of its Coutrnttion, is within that Region, it pat- 
takes of that RefleQed Light : But does not ſo, when it is remoy'd from 
the Sun more than a Quarter, or go Degrees: And fo it being too far out 
of the Region of Reflexion, that faint Light now ſpoken of yanithes. 
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CHAP. VL. 
Of the Eclipſe of the Moon. 


b; HE Greek word Eclipſis denotes a defeft or want of Light, which in the 
KT Moon is real, toras much as it has no Light of its own; wherefore the 
Earth coming berween the Sun and it, the Rays muſt needs be intercepted, 


whereby otherwiſe it is wort to be enlighten'd : For the Earth is an opaque 


Body, that caſts a ſhadow from ir, which when the Moon falls into, it is darken, 


Now the ſhadow of the karth does not extend it ſelt beyond the Region of the - 


Moon, becauſe no other Star or Planct is found to fall into it, to ſuffer ſuch 1 


defe&t; whence it manifeſtly follows, that the Sun muſt be greater than the - 


Earth, for if ic was equal, the ſhadow of the Earth would be cylindrical, as in 
Scheme IX. or if the Sun was leſs than the Earth, its ſhadow would be found 
to be Calathoide, or of the Form of a Basket, growing wider and wider from the 


"Top downwards, as in Scheme X. And either way the ſhadow would reach is 


nfinitum, whereby other Planets alſo would ſometimes be 1nvoly'd in it. But it 
is Conical or like a Top, ſuch as it appears in Scheme XI. 

2. But farther hence it may be underſtood, that ſecing the Sun moves per- 
perually under the Ecliptick ; therefore irs ſhadow muſt always fall upon the 
oppoſite Point of the Ecliptick: Wherefore if che Moon ſhould conſtantly moye, 
as the Sun does, under the Ecliptick, it would neceſſarily ſuffer an Eclipſe eyery 
full Moon, when it came into that Point of the Ecliprtick, that is oppoſite to 
the Sun, and is within rhe ſhadow of the Earth. But it was ſaid in the Theory 
of the Moon, that it walks in a Circle, that inclines obliquely-to the Sun's way, 
and paſſes the , Ecliprtick, onely twice. every Month ; when therefore the Sun is 
far from the Nodes of the Moon, then alſo the Moon, that is oppoſite to it, is 
as far remoy'd from them, and fo has a Latitude, or diſtance from the Fclip- 


. rick, greater than that it can come under the ſhadow that lies there. - Yet be- 


Fig. XII. 


Fig. XII. 


a 


cauſe the Sun paſſes through the whole Zodiack by its yearly Motion, it mult necds 


in that time come to both the Nodes of the Moon, little leſs than {ſix Months 


always being ſpent berween irs coming to the Aſcendent and the Defcendent Node. 


And though the full Moon does nor continually happen at the very ſame mo- 
ment of the Sun's coming to the Node, yet the Moon can ſcarce eſcape the ſha- 


dow, which is fo broad, that though the Full Moon be more than ten days di- 


ſtant from the meeting of - rhe Sun and of the Node; yet the Moon is not then 
gotten ſo far from the Ecliptick, as to eſcape. untouch'd. Bur yet if the meet- 
ing of the Sun and of the Node, happen to be at the New-Moon, or a day ci- 
ther before or after; then both the foregoing and following Full Moon will be 
ſo far from thence, that it will clearly avoid an Eclipſe. Now by how much 


the farther the Full Moon is from the Nodes, ſo much leſs of the ſhadow will 


it fall under; whence it comes, that ſome Eclipſes of the Moon are Total, which 
happen cither in the very Node, or ſomething near it; others are only parti 
al, and ſo much the leſs, by how much they happen the farther from the 
Nodes. Beſides, the Moon's diſtance from the. Earth, which is ſometimes grea- 
ter and ſometimes leſs, is the cauſe why Eclipſes appear ſometimes leſs, and 
greater than they do at other times; for the Cone of the ſhadow growing 
{ſmaller and ſmaller, till ir come into a Point, therefore the farther- it 1s exten- 
ded from the Earth, the flenderer it grows: Wherefore the Moon in the Apogee, 
has a ſhadow to paſs thorow, thar is not ſo thick as that it has in its Perigee, 
and ſo it is leſs obſcurd. Moreover the Motion of the Moon being ſome- 


times ſwifter and ſometimes flower, is the reaſon why it paſſes thorow che ſha- | 


dow the ſooner, or ſtays the longer in it. Again, a total Eclipſe is Central, 
when the Full Moon m_ to be in the very Node, as in Figure XII. where 
AB is the Ecliptick, C D the Orbit of the Moon, E the Moon firſt entring 
into the ſhadow, F the Motion going our again, G the Moon in the very Cen- 
tre of the ſhadow. Bur now a Non-central, though a total one, may be ut 
derſtood by Figure XIII. where the Centre of the Shadow, at the time of the 
?rcateſt Obſcuration, is not of the Node H, but out of i. oY 
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Bur before 1 come to that, vou may perceive by the All Figure, that Cen- Fig. XIE. 
tral E-lipſes, that arc of the greateſt duration, can i{carce laſt a few Minutes above 
four Hours : For ſecing the Moon, 1n tae timc from rhe beginning of its Ob- 
Cration tothe end, docs with its Centre go through tae. Line E F, which is 
equal almoſt ro four Moons, (now the Moon takes np in the Heavens about 
half a deg ec,) therctore E F will bz abo'i two d2grees. Now the Morion 
of the Moon for every hour is almoſt halt a degree avove the Sun, ( and 
{» above the Shadow; ) wherefore the Moon will go through thoſe two De- 
grees in about four hours time. And when the total Immerſion of the Moon 
Po the Shadow: happzns in H, and the firſt Recovery of Light in I, fo that 
H 1 is the ſpace tne Moon has to paſs, waile it ſtays in total LUarkneis 
and ſeeing H 1 is almoſt rhe half of the whole Line E F; hence it comes 
to paſs, that half the Dration, in this Inſtance two hours, is the rime of the 
Moon's ſtay in- total Darkiz{5: For the time of Incidence, while the Moon 
zocs from E ro H,. from the beginning of rhe Eclipſe to tne very Moment of 
*s Imm:rſiony or total Obſcuration, is bur a>out an Hour ; and the time of 
Regreſs, while it goes irom I to F, from the Moment of its firſt Emerfion, 
or Recovery of Light, to the very End of the Eclipſe, is about the ſame. 
And now as for a partial Eclipſe, it may be underſtood from one or two 
Schemes following. The Orbit or way of the Moon, - is repreſented double in 
each of them, that ir may be underſtood, why an Eclipſe happens ſometimes _ 3 
towards the South, and ſometimes rowards the North. Now Fig. XIV, ſhews, Fig. XIV.. 
how the Moon may ſometimes chance to be eclips'd, before it come ro the __ 
Node; but Fig. XV. how it may be fo, afrer it have paſgd i; which Things Fig. XV. 
are likewiſe to be ſupplyed abour "x 4 XII which is of Eclipſes that are to- Fig. XIE 
tal, but not central. And now the Diametre of the Moon being ſupposd to 
be divided into twelve equal parts, which they call Digits, the quantity of the 
Eclipſe, or want of Light, is wont to be repreſented by Digits, ( and alſo by 
minutes of Digits, and 1s accounted greater, or lels, according as the Obſcura- 
tion is, of more or fewer Digits. | 
Burt bclides all theſe, there are found in the Moon, when _ two Phe- 
nomena more; namely, a faint kind of Shadow, call'd a Penumbra,” or the ut- 
moſt Edge of the Shadow, ſomething leſs obſcure than the reſt; and a certain 
reddiſh colourd Light, that the Moon ſhews out of the very Darkneſs, and 
which, in toral Eclipſes eſpecially, is ſo much the redder and obſcurer, by how 
much the Moon comes the more towards the Axle or Centre of the Shadow. 
As for the Penumbra, the Cauſe of it is plain enough ; becauſe the Earth going 
under the Sun by little and little, ar firſt only parr of the Sun is taken from 
the Moon, but that by degrees grows greater and greater. Now that part 
of the Moon from whom more parts of the Sun are hidden, muſt 'needs be 
involy'd in the thicker Darknels; wherefore the Penumbra towards the perfe& 
Shadow, does, by little and little, grow more and more obſcure : But now, as 
for the reddiſh Light that appears our of pertct Darkneſs, which is by ſome thought 
to be the Moon's own native Light, feems rather to ariſe from the Refradti- 
on of the Sun's Rays, that paſs through the Eartlrs Atmoſphere, or Shpere of 
Vapours ; and that decline towards che Axle of the Shadow, and that temper 
the Shadow. with a kind of Twilight, more about the ourmoſt Edges, leſs ro- 
wards rhe. Centre or Axle, whither few or no Rays are refleted ; by which 
the Moon becomes ſcarce, or not ſcarce vilible. | 


et 


C H A P. VIL | 
Of the Eclipſe of the Sun. 


HAT which is called an Eclipſe of the Sun, might more fitly be called 

L an Eclipſe of the Earth; For it is the Earth that 1s then depriv'd of the 
Light of the Sun by the Moon's coming between z juſt as che Moon when 
eclipsd, is depriv'd of it by the _ coming between it and the Sun : why 
CCCC the 


. Cugsus MaArTHEMATICUS. 


7 42 


os Sn 

drawn perpendicular through the body of the Moon to the Ecliprtick, is cal} 
rhe Latitude of the Moon ; which, when greateſt, is of five degrees. But here 
tis to be noted by the way, That the Nodes ot the Moon arc not fixt in any 
certain Points of the Ecliptick, but do go on by little and little rowards the 
Anrtecedent Signs, every day fome Jittle morc than three Minutes, fo within 
almoſt ninetecn years they go their round. 578 
Now this Theory of the Moon, which I have now . explained, is ſtill bur 
lame and defeftive, upon ſeveral. Accounts. Later Ages have indecd, in a 
great mcaſure, mended its Impertections; bur vet one thing above all the reſt 
icems to be intolcrable in it, That in the Quarters, it makes' the Moon be 
roo ncar the Earth; whereby the apparent Magnitude of the Moons Diame- 
tre would, abour thoſe times, become almoſt as big again as in the Szyores , 


which even the Vulgar themiclves know to be falle. 


CHAP. V. 
Of the Phaſes, or the Appearances of the Moon. 


HE Moon is an Opaque, or thick and dark Body, and docs in no wiſe 
let the Rays, which it receives from the Sun, paſs through ir, but re- 


fletts them back again, as the Earth does: And farther, ſeeing it 1s of a Sphe- 
' rical or round Figure, no more than about the halt, or little more, is enlight- 


ned by the Sun; and the other part, which is turn'd from the Sun, 1s-in 
Darkneſs, and does not caſt' any Light ro our Eyes, except perhaps ſome faint 
kind of Light,” about the New Moon efpccially.- Bur as the Rays that come 
from the Sun, and fall upon the Moon, do diſtinguiſh the enlighrened Hemi- 
ſphere from the Opaque ; ſo again, The Rays that go from our Eycs to the 
ſame Globe of the Moon, do diſtinguiſh the viſible Hemiſphere, or half of 
the Moon, from that which is not tcen. If therefore it to happen, that the 
Rays that go bath from the Sun, and from our Eyc, do fall upon the Moon 
on the ſame fide, then the enlighren'd Hemiſphere muſt needs be rhename 
with that which 1s viſible ; ſince the Sun and the Eye do look upon the Moon 
from the ſame parts, or on the fame fide, as I ſaid, and then the Full Moon 
appears to us. But on the contrary, when the Moon is placd in the midft, 
between the Sun and our Eye, it happens, That the Hemiſphere that is cn- 
lighten'd by the Sun, is to us inviſible but the other Opaque Hemiſphere 
that is turn'd from the Sun, is then rowards us ; and then the Moon 1s not 
taken out of the Heavens, but to our Eycs diſ-appcars ; at which time is that 
which we call the New Moon, or the tpacc between one Moon and another 
or the thirſty Moon. It may. allo happen, that not the whole enlighten” 
+a 67» ns may be ſcen by us, as 'tis in the Full Moon ; nor the whole Opaque 
Hemiſphere be turn'd towards us, as 'tis in the New Moon ; but part of the 
cnlighten'd, with part of the Opaque, may be turn'd towards us, as *tis at the 
times between the Change and Full, and then the Moon ſhines not with an 
whole Hemiſphere, bur with a greatcr or lels part of it, according as lefs or 
more of that which is cnlighten'd does offer it ſelf to our Sight : And hence 
are all theſe different Phaſes of the Moon, which appcars horned, then an Half 
Moon, then bunching out on each fide, and then a Full Moon, as may be ſeen 
in Scheme VII. where the Moon running through its Orb, trom the time of 
Its Conjunction with the Sun, does ſucceftively appear ſuch as it. is here repre- 
ſented by thoſe parts of the Circle that are left white. And the Caule of rhelc 
Phaſes may in ſome meaſure be underſtood from Scheme VIII. while the Moon 
gocs about the Earth, the Sun does continually enlighten one half of it ; but of 
that halt ſometimes more, and ſometimes leſs, - and ſometimes none ar all, 1s 
turn'd rowards us. And the Semicircles that are turn'd toward the Earth, or 


| toward the Eye, are to be conceiv'd as if they were half Globes; and the 


bending which cannot be repreſented in a Plain, is ro be ſupplyed by Imagi- 
nation. - Now here three things cpecially arc to be obſery'd ; Firſt, That che 
| | {ame 


Boo k- 1X, 


—— 


- 
em em pn nn  COCOIOG —— 


Againſt Prge 342, to fold out. 


— n{l 


LS __—_— 


part [. The Theory of the Planets. 


hs. 


743 


_ 


Gme fide of the Moon is always rowards our Eyes, which is provd by the 
Soots of the Moon, which always appear to be the ſame. For if ſometimes 
me, and ſometimes another fide of the Moon thould be towards us, different 
Fots would ſurely appear. Some indeed objeft, That this can in no wile 
-onfiſt with the Motion of the Moon in the Epicycle ; For in Scheme XXX. 
while the Cencre of the Epicycle comes from A, through b, c,d, toE, if the 


Fig. 
XAX.- 


Epicycle ſhould be depriv'd ot its proper Morion about its own Centre, and . 


the Moon that is fixt in it be in i, the Moon would be carried, together with 
the Epicycle, into #3; and the Parts, as well of the Epicycle, as of the Moon, 
which in A were turn'd to or from the Earth T, the ſame would alſo be 
wrn'd to or from it in E: But if the Epicycle ſhould moreover be conceiv'd 
'o roll about in the mean time, with the Bcdy of the Moon fixt in it, from 
1 through 12 to O ; then truly that part of the Moon, which being in =, 
was turn'd from the Eye placd in T, the ſame being in O would be turn'd 
from it, and ſo contrariwiſe. Burt the Anſwer ro this is eafie; For 'tis but ſup= 

ling the Body of the Moon to be moy'd about its own Centre, that it may 
7 much turn'd rowards the Earth by its ownn Motion, as by the Motion of 
the Epicycle it is turn'd away from 1t. , We, 

Fig. VII. The ſecond thing to be obſerved is, That the Moon does firſt of 
all appzar with very ſmall Horns, ſometimes one day, ſometimes rwo days, 
and ſometimes not till three days from the time of its Conjun&tion or Change : 
And the fame may be ſaid of its any. = before its ConjunCtion ; of which 
three Cauſes may be afſſign'd. The firſt is the ſlowneſs or ſwiftneſs of the 
Moon's Motion : For with that part of the Epicycle, which is towards the Earth, 
the Body of the Moon tends towards the Confequent Signs, and ſo the ſame-way 
that the Centre of the Epicycle does; whereby its Motion is made more ſwitr. 
The contrary happens, when the Moon, being in that part of the Epicycle 
which is fartheſt trom the Earth, moves again the order of the Signs, and 
ſo takes off from rhe Motion, by which the Centre of the Epicycle does con- 
tially move into the Signs Conſequent. . Now, by how much the Moon 
moves the faſter, ſo much the ſooner does it depart from the Sun, and ſhew 
its Horns. Another Cauſe is the Moons being plac'd in Signs of long or thort 
Aſcenſions or Deſcenſtons : For when the New Moon is in Signs of long Aſcenſi- 
ons, namely, w, =, X, Y, 8, I; then the degrees of the Ecliprick, that are 

the Sun and the Moon, are longer in going down, and make the 
Moon ſtay longer above 'the Horizon after Sun-ſert ; and fo ir gets our of the 
Twilighe the ſooner, from the Time of its Change, fo as that it may be ſeen. 
In like manner, the Old Moon being in the Signs of long Aſcenſions, Ss, £, 
",-,m, 7, ariſcs the earlier before the Sun ; and ſo, though it be near 
the Conjunton, yet however it is ſeen. The contrary happens ro the New 
Moon, when in Signs of ſhort Aſcenſions; and to the Old Moon, when in 
Signs of ſhore ones. The third Cauſe is the Northern or Southern Latitude 
of the Moon : For in the Northern Hemiſphere of che Earth, by how much 
the Moon is more North, ſo much the ſooner does it arife before the Sun, 
and ſers the later after it ; whereby again, it is the ſooner ſeen, when *tis New; 
and the longer when 'tis Old. But it happens to the contrary, when it is 
more South. | 

The third Thing worth Obſervation, is that faint kind of Light, which 

es its Silver Horns, appears both in the New and the Old ny and 
makes the reſt of its Hemiſphere vilſible : *'Tis -call'd its ſecondary Light, and 
is commonly thought to be the Native Light of the Moon. Bur 'tis to be ob- 
erv'd, That it is owing to the Earth, which refle&ts rowards the Sun, and 
the neighbouring Region, the Rays that it receives from it. When therefore 


Fig. vir: 


the Moon, about the time of its Crnimatiion: is within that Region, it par- 


lakes of thar RefleQed Light : Bur does nor ſo, when it is remoy'd from 
the Sun more than a Quarter, or go Degrees: And fo it being too far out 
faint 


of the Region of Reflexion, har Light now ſpoken of vaniſhes. 
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CHAP. VI. 
Of the Eclipſe of the Moon. 


T HE Greek word Eclipſes denotes a defeCt or want of Light, which in the 
Moon is real, tor as much as it has no Light of its own; wheretfore the 
Earth coming between the Sun and it, the Rays muſt needs be intercepted, 


whereby otherwiſe it is wort to be cnlighten'd : For the. Earth is an opaque 


Body, that caſts a ſhadow from ir, which when the Moon falls into, it is darken, 
Now the ſhadow of the tarth does not extend it ſelf beyond the Region of the 
Moon, becauſe no other Star or Planet is found to fall into it, to ſuffer ſuch a 


- defet; whence it manifeſtly follows, that the Sun muſt be greater than the 


Earth; for if it was cqual, the ſhadow of the Earth would be cylindrical, as ia 
Scheme IX. or if the Sun was leſs than the Earth, its ſhadow would be found 


to be Calathoide, or of the Form of a Basket, growing wider and wider from the 


"Top downwards, as in Scheme X, And either way the ſhadow would reach is 


infinitum, whereby other Planets alſo would ſometimes be involy'd in ir. But it 
is Conical or like a Top, ſuch as it appears in Scheme XI. 

2. But farther hence it may be underſtood, that ſecing the Sun moves per- 
perually under the Ecliptick ; therefore its ſhadow muſt always fall upon the 
oppoſite Point of the Ecliptick: Wherefore if the Moon ſhould conſtantly moye, 
as the Sun does, under the Ecliptick, it would neceſſarily ſuffer an Eclipſe every 
full Moon, when it came into that Point of the Ecliprick, that is oppoſite to 
che Sun, and is within the ſhadow of the Earth. But it was faid inthe Theory 
of the Moon, that it walks in a Circle, that inclines obliquely to the Sun's way, 
and paſſes the Ecliptick onely twice every Month ; when therefore the Sun is 
far trom the Nodes of the Moon, then alſo the Moon, that is oppoſe to it, is 
as far remoy'd from them, and ſo has a Latitude, or diſtance from the Eclip- 
tick, greater than that it can come under the ſhadow that lies there. Yet be- 
cauſe the Sun paſſes through the whole Zodiack by irs yearly Motion, it muſt needs 
in that time come to both the Nodes of the Moon, little leſs than fix Months 
always being ſpent berween its coming to the Aſcendent and the Defcendent Node. 
And though the full Moon does not continually happen at the very ſame mo- 
ment of the Sun's coming to the Node, yet the Moon can ſcarce cſcape the ſha- 
dow, which is ſo broad, that though the Full Moon be more than ten days di- 
ſtant from the meeting of the Sun and of the Node; yet the Moon is .not then 
gorten ſo far from the -454 done as to eſcape untouch'd. Bur yet if the meet- 
ing of the Sun and of the Node, happen to be at the New-Moon, or a day ci- 


\ ther before or after; then both the foregoing and following Full Moon will be 


ſo far from thence, that it will clearly avoid an Eclipſe. Now by how much 


the farther the Full Moon is from the Nodes, fo much leſs of the ſhadow will 


it fall under; whence it comes, that ſome Eclipſes of the Moon are Total, which 
happen cither in the very Node, or ſomething near it; others are only partt- 
al, and ſo much the leſs, by how much they happen the farther from rhe 
Nodes. Belides, the Moon's diſtance from the Fanb, which 1s ſometimes grea- 
ecr and ſometimes leſs, is the cauſe why Eclipſes appear ſometimes leis, and 
rome than they do at other times; for the Cone of the ſhadow growing 
maller and ſmaller, till ir come into a Point, therefore the farther ic is exten- 
ded from the Earth, the flenderer ic grows: Wherefore the Moon in the Apogee, 


has a ſhadow to paſs thorow, that is nor ſo thick as that it has in its Pcrigee, - 


and fo it 1s leſs obſcurd. Moreoyer the Motion of the Moon being ſomc- 
times ſwifter and ſometimes flower, is the reaſon why it paſſes thorow the ſha- 
dow the ſooner, or ſtays the longer in it. Again, a total Eclipſe is Central, 
when the Full Moon ome to be in the very Node, as in Figure XII. where 
AB is the Ecliptick, C D the Orbit of the Moon, E the Moon firſt entring 
into the ſhadow, F the Motion going out again, G the Moon in the very Cen- 
tre of the ſhadow. But now a Non-central, though a total one, may be un 
derſtood by Figure XIII. where the Centre of the Shadow, at the time of rhe 
ercateſt Obſcuration, is not of the Node H, but out of ir. "9 
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Bur bzfore I come to that, vou may perceive by the XII Figure, that Cen- Fig. XIt. 


tral Eclipſes, tnat arc of the greateſt duration, can 1carce laſt a few Minures above 
fur Hours: For ſ:cing the Noon, in tae time trom the beginning of its Oh- 
Curation tothe end, does With 11s Centre go through tae Line E F, which is 
equal a!moſt to four Moons, (now tne Moon takes np in the Heavens abour 
half a deg ee, ) therctore E F will b= abort two d2grees. Now the Motion 
of the Moon tor every hour 1s almo{t halt a degree avove the Sun, ( and 


7 above the Shadow; ) whzretore the Moon will go through thole rwo De- 


grees in about four hours time. And when tac rota] Imincriton of the Moon 
Mo the Shadow happzns in H, and the firit Recovery of Light in 1, fo that 
Hl is the ſpace the Moon. has to pa, waile it ſtays in total Larkneis ; 
and ſeeing - H 1 15 almott rhe halr of the whole Line E F; | hence it Comes 
wo paſs, that half the Dration, in this Inſtance rwo hours, 1s the time of the 
Moon's ſtay. in total Darkn:t;: For the time of Incidence, while the Moon 
xs from E wo H, from the beginning of the Eclipſe to tne very Moment of 
* Imm:r{i>1, or total Obſcuration, is bur a2out an Hour , and the time of 
Regreſs, while it goes irom I to F, from the Moment of its firſt Emertion, 
or. Recovery of Light, to the very End of the Eclipſe, is abour the fame. 
And now as for a partial Eclipſe, it may be underſtood from one or two 
Schemes following. The Orbit or way of the Moon, 1s repreſented double in 
exch of them, that ir may be underſtood, why an Eclipſe happens ſomerimes 
towards the South, and ſometimes towards the North. Now Fig. XIV, ſhews, 
how the Moon may ſometimes chance to be eclipgd, before ir come to the 
Node ; but Fig. XV 


tal, but not central. And now the Diametre of the Moon being ſupposd to 
be divided into twelve equal parts, which they call Digits, the quantity of the 
Eclipſe, or want of Light, is wont to be repreſented by Digits, ( and alſo by 
minutes of Digits, and 1s accounted greater, or leſs, according as the Obſcura- 
tion is, of more or fewer Digits. 

But belides all theſe, there are found in the Moon, when cclipsd, two Phe- 
xm:14 more; namely, a faint kind of Shadow, call'd a Penumbra, or the ut- 
molt Edge of the Shadow, fomerhing leſs obſcure than the reſt; and a certain 
reddiſh colour d Light, that the Moon ſhews our of the very Darkneſs, and 
which, in toral Eclipſes eſpecially, is ſo much the redder and obſcurer, by how 
much the Moon comes the more towards the Axle or Centre of the Shadow. 
As for the Penumbra, the Cauſe of it is plain enough ; becauſe the Earth going 
under the $:1n by little and litle, ar firſt only parr of the Sun is taken from 
the Moon, but that by degrees grows greater and greater... Now that part 
of the Moon from whom more parts of the Sun are hidden, muſt needs be 
involy'd in the thicker Darknels; wherefore the Penumbra towards the perfe& 
Shadow, docs, by little and little, grow more and more obſcure: But now, as 
for the reddiſh Light that appears out of perfect Darkneſs, which is by ſome thought 
to be the Moon's own native Light, feems rather to ariſe from the Refracti- 
on of the Sun's Ravs, that paſs through the Earth's Atmoſphere, or Shpere of 

apours; and that decline towards the Axle of the Shadow, and that temper 
the Shadow. with a kind of Twilight, morc abour the ourmoſt Edges, lefs ro- 
wards the Centre or Axle, Whither tew or no Rays are reflected ; by which 
the Moon becomes ſcarce, or not ſcarce vilible. | | 


em. 


CHAP. VIL 
Of the Eclipſe of the Sun. 


HAT which is called an Eclipſe of the Sun, might more fitly be called 

& an Eclipſe of the Earth; For it is the Earth that is then depriv'd of the 

'ght of the Sun by the Moon's coming berween 3 juſt as che Moon when 

cclipsd, is depriv'd of it by the _—_— coming berwecn it and the Sun : go 
CCCc r 


how it may be ſo, after ic have paſgd it; which Things Fig. 
are likewiſe to be gh op about Fig XII. which is of Eclipſes that are to- Fig- 


Fig. XIV. 


XV. 
XIII. 
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the Sun all the while keeps its Light untouch'd and unovicur'd ; yet the Gn 
is ſaid to ſuffer an Ecliple, in as much as with rclpect to us it does fo. Ang 
here, that the Sun 1s to _us Eclipsd, by rcalon of tne Moon's putting between 
us and the Sun, is maniteſt even trom_ ti1s, Thar ir 15 not cclipsd but ar 
New-Noons, or when the Moon 1$ in Conjunction with it, Bur thar It 1s nor 
eclipsd every New-Moon, the Reaſon is the Moun's Latitude ; becautc of which 
it is, that the Moon paſles by either higher rowarvs the North, or eltc lower 
towards the Sourh, aud docs not pats directly between us and tne Sun : By 
that happens when the rwo Luminarics arc abour the tame Node, and tizar 
not much above hair a Sign from it. And Jet no one wonder, tizat there 
happen far nore L citples of the Moun than of the Sun ; for tne Globe of 
the Moon being much. lets than the Globe ot the Earth, it catis a lets thadow: 
And avaing The place of our Habitation is a great deal Jets than the whole 
Globe of the Moan ; and to conſequently the greater fhavow ( ».3. of the 
Earth ) does the more calily fall upon tome part of the greater tpace, (22. of 
the whole Moon, ) than the Iefier ſhadow ( ot the Moon ) can tall upon the 
lefler tpace of our Habitation. But now this mull be underitood ot forme &- 
ecrminate place of the Earth, for inſtance, or this in which we now-live; tor 
otherwiſe, it we conſider the whole Hemiſphere of the Earth, ( or the half 
of its $artace, taken tor a Plain, ) there are more frequent Echiptcs of the Sun, 
than of the Moon : For cvcry fix, ( and ſometimes every hive Months ) there 
happen ſome, cither here, or in tome other parts of the rarth;, nav, when 
there happen any Central Ecliptes of the Moon, the New-Moon, both bctore 
and after, is for the molt part made remarkable tor tome little Eclipte of the 
Sun: The rcaſon of which is the grcat Bulk of the Earth, and the. grear 
ncarneſs of the Moon; which, though it cait no preart ſhadow, vet it threatens 
the Earth with a Penumbra, or faint ſhadow, that is to much the greater, by 
how much it is the nearer ; which that it thould fall upon tome part or other 
of the Earth, is no wonder. Bur beſides, the ſame Bulk of the Earth cauſes, 
That in ſome places there is a Toral Eclipſe of the Sun, while in others there 
is only a partial One, and. in others none at all, as may be unidcrſtood from 
Scheme XVI. where a is the Sun, b the Earth, c the Moon, fb & the Cone of 
the Moon's ſhadow, whoſe Baſe is tne Hemitphere of the Moon fg; hol is 
the other Cone of the Moon's Penumbra, whoic Batc is part of the Surface of 
the Earch þ /. Now I tay, That that little fpace of Earth i &, which falls 
under the perfect ſhadow of the Moon, will ice a Total Ecliple of the Sun; 
{mce a right Linc can be drawn trom no point between 7 and + to any part 


of the Sun's Hemiſphere, but it will be intercepted by the Budy of the Moon 


feg. Again, They that hve berwcen 7b and& !, will have a partial Eclipte 
of the Sun, and that fo much the grcater, by how much tlicy arc ncarcr 
co z and &; but ſo much the leis, by how much they are the farther off to- 
wards þ and. Laſtly, They that dwell berween þ m and 1 », will behold the 
whole Hemitphere ot the Sun, cclipsd in no part of it. This Diverlity allo 
of Sight ariſes from the nearncis of the Moon, which it farther off, and near 


thesBody of the Sun, would cover it alike trom all the Inhabitants of the 


Farth. And here by the way, we may in fome- meaſure take Notice of the 
nature of Parallaxes, ( for ſo that D:vcriity ot Sight is call'd ; )- namely, That 
they arc owing, as to the Bulk of the Earth, to to the nearne(s of the Moon 
too: Idchign to explain them fomcthing more largely in the following Chap- 
tcr. Now as for the Quantity of a partial *Eclipt: of the Sun, like that of 
the Moon, it 1s wont to be eſtimated or mealured by Digits, or by twelve 
parts of the Sun's Diametre ; and as for a Total Ecliple ot the Sun, there is 
this difference between it and a Total Eclipſe of the Moon, viz. Thar ſuch an 
Eclipſe of the Moon is generally of ſome remarkable Duration, fince the Moon 
by its own Motion cannot in a little time tree it felt from the ſhadow of the Earth; 
but a Total Ecliplc of the Sun cannot be of any long continuance, at 


_ leaſt, not to be very ſenſible: And ſo neither can that Darkneſs be very long, 


thar ſometimes happens to be very thick at Noon-dav, fo that the Stars arc 
icen, the Birds hide themſelves, or clic tall down ; becauſe the Moon by ts 
own Motion running underneath the Sun, towards the Faſt, as ſoon as by 1ts 
Eaſtern Verge or Edge it is come to the Sun's Eattera Verge, and to _m__ 

th: 
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ie Sun, it preſently begins with its Weſtern Verge to quit the Sun's 
and 1o to diſcover the Sun again. But farther, ir ſomtimes happens, 
1c apparent Hemiphere of the Moon in the Apogee 1s leſs than when 
crigee, and rherefore is leſs than the Hemiſphere ot the Sun, that when 
n in its Apogee ruvs underneath the Sun, and ſhews Centre joyn'd with 
-here is over and above of the Sun and edge all round, like a Golden 
or a kind of Golden Circle, becauſe the Moon does not cover it all. 
i you ask, of how long Duration is the greateſt Eclipſe of the Sun? It 
-ar, that it is of about rwo hours. For knce the Diametre of the Sun, 
firit the Eaſtern Verge of the Moon, and then the Weſtern muſt pals be- 
s of about half a Degree, which halt degree of the Moon paſſes in one 
t follows, that the ; ok of the Incidence from the Moon's touching the 
edge of the Sun with its Eaſtern, even to the Central Conjunction, 
1c Eaſtern Verge of the Moon has gone over all the Sun, will be abour 
e of one hour. Then the Time of Emerſion, namely, while the Welt- 
2 of the Moon goes from the Sun's Weſtern to irs Eaſtern edge, will 
amount to about an hour more, till the Eclipſe be ended. | 


c H AP. VIIL 
Of Parallax. 


1g thus far been explaining the Phenomena of the Sun and Moon, that 
y be ſalv'd by the Hypotheſes of the Ancients: There remain ſtill rwo 
enomena, to Wit, the Farallanes and Refraftions, the Efficient Cauſe of 
| not to be aſcrib'd to any Hypotheſes or Circles, but they depend wholly 
ick Grounds and Reaſons. Now therefore as to Parallaxes, I have 
dy, that they are moſt obſervable in Eclipſes of the Sun, and are ow- 
he Bulk of the Earth, and the nearneſs of the Planet. For though 
- e Globe of the Earth, with reſpe&t ro that vaſt and almoſt unmeaſura- 
'nfinite Expanſion, and compats of the higheſt Heavens, be bur like a 
z that the fix'd Stars are by us obſcry'd, and to us appear no otherwiſe 
e Earth's Surface, than it our Eye was plac'd in the Centre of the Farth ; 
muſt conclude otherwiſe with reſpe& ro the Sun and the Moon, the lat- 
- cially, whoſe nearneſs begers ſome diverſity of ſight, which the Greeks 
alld a Parallax. For the Bulk and Thickneſs of the Earth do make the 
id Moon ſeem to have another poſition in the Heavens, than they really 
with reſpeCt to the Centre of the Earth : Wherefore the Parallax may be 
elcrib'd; that it is the ditference between the true and the viltble, or ſeem- 
ce of any Star. Now the true place of a Star, is that Point of the Firma- 
which a right Line, drawn from the Centre of the Earth through the 
of the Star, ſhall rerminate in : And the viſible and ſeeming place is like- 
at point of the Firmament, which a right Line, drawn from the Eye 
beholder, (plac'd on the Earth's Surface, ) through the Centre of the Star, 
en be terminated in. Wherefore becauſe thoſe two Points of the Fir- 
t do fall into one and the ſame vertical Circle, a Parallax is wont to be ' 
to be the Arch of the Vertical Circle, that lies berween the true and 
ming place of the Star. As for example, in Figure XVII. let A be the Fig. XVII 
of the Earth, CBD its Surface, B the Eye of the Beholder, E FG the 
I in the Firmament. Now let the Star be firſt of all ſupposd to be in the 
Horizon in the Point H; and then a right Line AHI, drawn from A, 
mtre of the Earth, through this Point H, does in the Firmament find the 
I, which is therefore the true place of the Star. Again, A right Line 
; from the Eye B, through the Star H, does in the Firmament find the fecnor 
1g place K; therefore the Parallax 1s I K. Afterwards the Star being aſ- 
1 to L, the Parallax will be M N, if it come to OQ, the Parallax will be 
ay if it come to the Zenith R, there will be no Parallax at all: For 
the Lines drawn from the Centre A, and the Eye B through the Star R, 
Ccccc2 will 
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the Sun all the while keeps its Light untouch'd and unovicur'd ; y 
is ſaid to ſuffer an Ecliple, in as much as with rcipect to us it does 
here, that the Sun 15 to us Eclipsd, by rcafon of the Moon's puttin, 
us .and the Sun, is maniteſt even trom_ this, "Thar ir 1s not cclips 
New-Moons, or when the Noon 1s in Conjunction with it. Bur tha 
eclipsd every New-Moon, the Reaſon 1s the Movir's Latitude ; becautc 
it is, that the Moon paſles by either higher rowards the North, or 
towards the Sourh, aud docs not pals airectiy berween 1s and the $ 
that happens when the two Luminarics arc avout the tame Node, 
not much above half a Sizn from it. And let no one wonder, the 
happen far mowre L ciipſes of the Moon than of the Sun ; for the « 
the Moon being much icts than the- Globe ot the Earth, it calts a lets 


And againg The place of our Habitation is a great decal Icts-rhan tj 
Globe of the Moon ; and fo conſequently the greater thavow ( »/7: 
Earth ) does the more calily fall upon tome part of the greater tpace 
the whole Moon, }) than the Icfſer ſhadow ( ot the Moon) can fall 
lefſer ſpace of our Habitation. Bur now this mult be underttood- of 
erminate place of the Earth, for inſtance, ot this in which we now 
otherwiſe, if we conſider the whole Hem'ſphere of the Earth, ( or 
of its $artace, taken tor a Plain,) there are more frequent Echiptes of 
than of the Moen : For every tix, ( and ſometimes every five NI 
happen ſome, cither here, or in tome” other parts of the .arih ; ma 
there happen any Central Ecliples of the Moon, the New-Moon, bor 
and after, is for the molt part made remarkablc for tome Jittle Eclip! 
Sun :- The rcaſon of wich is the great Bulk of the Earth, and 
ncarne(s of the Moon; which, though it caſt no grcat ſhadow, vet it 
the Earth with a Penumbra, or faint ſhadow, that is to much the vr 
how much it is the nearer ; which that it ſhould. tall upon fome part 
of the Earth, is no wonder. But bclides, the fame Bulk of the Eat 
Thar in ſome places there is a Total Eclipſe of rhe Sun, while in ot 

is only a partial One, and in othcrs none at all, as may be underſt 
Scheme XVI. where a is the Sun, b the Earth, c the Moon, f b 2-the 
the Moon's ſhadow, whoſe Baſe is the Hemitphere of the Moon f g 
the other Cone of the Moon's Penumbra, whoſe Bate is part of the $ 
rhe Earch þ /. Now I tay, Thar that little fpace of Earth i &, wt 
under the perfect ſhadow of the Moon, will ice a Total Ecliple of t. 
{ice a right. Linc can be drawn from no point between 7 and 4 to ai 
of the Sun's Hemiſphere, but it will be intereepred by the Budy of th 
feg. Again, They that live betwcen 7b andk !, will have a partial 
of the Sun, and that fo much rhe greater, by how much thcy arc 
to z and k; but ſo much the lets, by how much they are the farther 
wards þ and /. Laftly, They chat dwell berwcen bþ m ani 1 », will bch 
whole Hemiſphere of the Sun, cclips'd in no part of it. This Diverf 
of Sight ariſes from the nearneſs of the Moon, which it farther off, a1 
the Body of the Sun, would cover it alike from all che Inhabitants 
Farth. And here by the way, we may in fome meaſure rake Notice 
nature of Parallaxcs, ( for ſo that Divcriity of Sight is call'd ; ) namely. 
they arc owing, as to the Bulk of the Earth, to to the nearne(s of th 
too: Idclign to explain them ſomething more largely in the following 
tcr. Now as for the Quantity of a partial Eclipt” of the Sun, like 
the Moon, it is wont to be cſtimated or meaſured by Digits, or by 
parts of the Yun's Diametre; and as for a Total Eclipſe ot the Sun, 
this difference berwcen it and a Total Eclipſc of the Moon, viz. Thar | 
Eclipſe of the Moon is generally of ſome remarkable Duration, fince thu 
by its own Motion cannot in a little time tree it 1telt from the ſhadow of the 
but a Total Ecliple of the Sun' cannot be of any long continuan 
leaſt, not to be very ſenſible: And ſo neither can that Darknels be ver) 
that ſometimes happens to be. very thick at Noon-dav, fo that the Sta 
lecn, the Birds hide themſelves, or elle tall down ; becaute the Moon 
own Motion running underneath the Sun, towards the Faſt, as ſoon as 
Eaſtern Verge or Edge ir is come to the Sua's Fattera Veroe, and to « 
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the whole Sun, it preſently begins with 1ts Weſtern Verge to quit the Sun's 
Weltcrn, and 1o to diſcover the Sun again. But farther, 1 ſomrimes happens, 
becauſe the apparent Hemiphere of the Moon in the Apogee 1s leſs than when 
* the Perigee, and therefore is leſs than rhe Hemiſphere ot the Sun, that when 
the Moon 1n its Apogee ruvs underneath the Sun, and ſhews Centre joyn'd with 
Centre, there is over and above of the Sun and edge all round, like a Golden 
Bracelet, or a kind of Golden Circle, becauſe the Moon does not cover it all. 
Laſtly, If you ask, of how long Duration. 1s the greateſt Eclipſe of the Sun? Ir 
ſeems clear, that it is of about rwo hours. For fance the Diametre of the Sun, 
which firſt the Eaſtern Verge of the Moon, and then the Weſtern muſt pals be- 
ond, is of about half a =g; which halt degree of the Moon paſles in one 
he it follows, that the T ime of the Incidence from the Moon's touching the 
Weſtern edge of the Sun with its Eaſtern, even to the Central Conjunction, 
when the Eaſtern Verge of the Moon has gone over all the Sun, will be abour 
the ſpace of one hour. Then the Time of Emerſion, namely, while the Welt- 
ern edge of rhe Moon goes from the Sun's Weſtern to irs Eaſtern edge, will 
likewiſe amount to about an hour more, till che Eclipſe be ended. 


H— 


CH AP. VIII. 
Of Parallax. 


| 5 thus far been explaining the Phenomena of the Sun and Moon, that 
may be ſalv'd by the Hypotheſes of the Ancients: There remain ſtill two 
other Phenomena, to wit, the Parallaxes and Refraftions, the Efficient Cauſe of 
which is not to be aſcrib'd ro any Hypetheſes or Circles, bur they depend wholly 
upon optick Grounds and Reaſons. Now therefore as to Parallaxes, I have 
ſaid alrcady, that they are moſt obſervable in Eclipſes of the Sun, and are ow- 
ing to the Bulk of the Earth, and the nearneſs of the Planet. For though 
the whole Globe of the Earth, with reſpect ro that vaſt and almoſt unmeaſura- 
ble and infinice Expanſion, and compats of the higheſt Heavens, be bur like a 
Point, ſo that the fix'd Stars are by us obſery'd, and to us appear no otherwiſe 
from the Earth's Surface, than it our Eye was plac'd in the Centre of the Earth ; 
yet we mult conclude otherwiſe with reſpet ro the Sun and the Moon, the lat- 
ter eſpecially, whoſe nearneſs begets ſome diverſity of ſight, which the Greeks 
have call d a Parallax. For the Bulk and Thickneſs of the Earth do make the 
Sun and Moon ſeem to have another poſition in the Heavens, than they really 
have with reſpe&t to the Centre of the Earth : Wherefore the Parallax may be 
thus deſcrib'd; that it is the difference between the true and the viltble, or ſcem- 
ing place of any Star. Now the truce place of a Star, is that Point of the Firma- 
ment, which a right Line, drawn from the Centre of the Earth through the 
Centre of the Star, ſhall rerminate in : And the viſible and ſeeming place is like- 
wiſe that point of the Firmament, which a right Line, drawn from the Eye 
of the beholder, ( plac'd on the Earth's Surface, ) chrough the Centre of the Star, 
ſhall then be terminated in. Wherefore becauſe thoſe two Points of the Fir- - 
- mament do. fall into one and the ſame vertical Circle, a Parallax is wont to be - 
defin'd to. be the Arch of the Vertical Circle, that lies between the true and __ 
the ſeeming place of the Star. As for example, in Figure XVII. let A be the Fig. XVIL 
Centre of the Earth, C B D irs Surface, B rhe Eye of the Beholder, E FG the 
Vertical in the Firmament. Now let the Star be firſt of all ſupposd to be in the 
vilble Horizon in the Point H; and then a right Line AHI, drawn from A, 
the Centre of the Earth, through this Point H, does in the Firmament find the 
Point I, which is therefore the true place of the Star. Again, A right Line 
drawn trom the Eye B, through the Star H, docs in the Firmament find the ſecnor 
ſeeming place K; therefore the Parallax 1s I K. Afterwards the Star being af- 
cended to L, the Parallax will be M N; if it come to O, the Parallax will be 
PQ; laſtly, if it come to the Zenith R, there will be no Parallax at all: For 
then the Lhe drawn from the Centre A, and the Eye B through the Star R, 
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will fall both upon the ſame Vertical Point F. For whercas the Parallax is the 
orcacelt in the Horizon ; as the Star aſcends higher and higher, the Parallax js 
more and more lefferd, till in the Zenith ir come to be none at all. Belige, 
tis ro be remembred, that the ncarcr a $tar is to the Earth, fo much the preg: 
er Parallax is has. For, tor inſtance, a Star in S, that 1s in the ſame Line of 
Vition with H, has the Parallax T K, which is plainly greater than I K, the 
Parallax of the Star H. Likewiſe the very tame Star, it it aſcend to V, whey 
ic comes into the ſame Viſual Line with L, it wiil have the Parallax N Y 
which is greater than M N the Parallax of the Star L. Laſtly, A Star plac 
inY, in the ſame Viſual Line with O, has Q Z for its Parallax, which ij 
ſtill greater than is Q P, the Parallax of the Star O. Now the mealure of 
the Arch of the Parallax, for inſtance of I K, is the Angle IHK, or the An- 
gle that is opposd to it Ad Ferticum A H B, which the Lines of the truc and 
iceming place of the Planet do make in H, the Centre of it; and to which 
the Semidiametre of the Earth is the tide of the Triangle, which is. Subren- 
ded to the Angle aforeſaid. For here the Angle AH B, 1s the ditiercnce of the 
two Angles FB Hand F AH, of which the tormcr gives the ſceming diſtance 
of the Star from the Zcnith, and the. latter gives the truc. But now belides 
theſe Parallaxcs of Altitude, which are taken in the Vertical Circle, there are al. 
to rwo other kinds of Parallax, to wit, of Longirude and Latitude ; the hirſt of 
which is that Arch of the Ecliptick, - which lies berween rwo Circles of Lati- 
rude, that pats thorow the true. and fecming place of the Star, the ſecond ig 
the Arch of any Circle of Latitude that lies berween rwo Circles, parallel to 
the Ecliptick, that do likewile go through the ſeeming and true place of the Star. 
The chief uſe of theſe is in the Eclipics of the Sun. Now this is common to, 
all forts of Parallaxcs, that by them the ſecming place of the Star is always 
lowcr towards the Horizon, than the true place 1s : For 'tis a known Obſerya- 
tion in opticks, that by how much the Eye is more elevated from the Centre 
of the Earth towards the Surface, the thing fecn will appear fo much the lower. 


—_— 
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CHAP. IX. 
Of RefraGions. 


E that defires in ſome meaſure art leaſt to underſtand the Nature of Refracti- 

ons, let him pur a Counter, or the like, in the bottom of a Baton, and then 
fix his Head in ſuch a poſture, that the edge of the Baſon may hinder him from 
ſeeing the Counter. Then let him bid ſome body hill it up with water to the 
brim; and he ſhall find by Experience, that the Counter, which before could 
not be ſeen, will then appear to the Eye, rhough neither the Countcr nor the 
Eye be mov'd out of their firſt places: Which is, becauſe the Ray that comes 
trom the Counter, which before light upon the Forchead, is fo retratted by 
paſſing out of the water into the Air, that it falls upon the Eye, and makes 
the Counter viſible. From this Experiment two things may be gather'd ; the 
firſt is, That the Paſſage of the Ray through a twofold Medium, tor cxample, 
out of Water into Air, or on the contrary, does make a Refration; the other 
is, Thatthe Rays that go out of a thicker Medium, as particularly Water, into 
a thinner, ſuch as the Air is, being refracted,- they decline from the perpendi- 
cular that falls upon the Surface which bounds both the Mediums: And again, 


| the other way, when they come out of a thinner Mcdium into a thicker, they 


incline towards the faid perpendicular. Therefore if we conceive the Artmo- 
ſphere of the Earth, or the Vapours that ſurround the Earth, to be as they re- 
ally are, a Body of a Globous Figure, whoſe Centre is the ſame with the Cen- 
tre of the Earth, and ſuppoſe the Sun to be in the Horizon ;_ *tis clear, that 
the Rays will fall very obliquely, or very much aflope, upon that part of the 
Atmoſphere, that hangs over our Heads; for they will fall upon it in the fame 
manner, that they fall upon the Surface of the Earth, that is under our Fect. 


And when the Rays of the Sun, our the more pure and thin Ether, do enter 
into 
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into the Vaporous Air, that inclines ſomething to the Naturc of Water ; then 
they will be very much retracted towards the perpendicular, that fails 
from our Zenith ; whence it muſt nceds be, that the Ray that is ſo refratt- 
ed ro our Eves, muſt ſhew the Sun to be highcr than ic would be fccn to be, 
if there was no Atmolphcre. 

Now, though the Quantity of the Horizontal Refraftion be by Tycho Brahe 
d-fn'd ro be tome little greater in the Sun and Moon, than in the Stars; yct 
the ſame. thickneſs of the Air ſeems to affect, atrer the fame manner, the Rays 
that come trom the ſame fide of the Heavens, let them have paſs'd never to 
reat ſpace of Ether betore they reach the Atmotphere. And, as for that dit- 
terence, which Ticho thought there is betwixt the Retractions of the Sun and 
of the Stars, it aroſe from the Parallax of the Sun» which by Him was dcter- 
min'd to be of three Minutes, which yer ſcarce makes up the fourth part of a 
Minute. For by how much the more he ſuppos'd the Sun to be lower than 
it is, by giving to it a greater Parallax than it has, he was ford by Refra- 
Qions ro advance it ſo much the higher above the Stars that have no Parallax. 
Hence ic is, that he makes the Horizontal Refrafion oft the Sun and Moon 
to be thirty three or thirty four Minutes, whereas He attributes to the Stars 
- no greater than of thirty. Bur it ſeems more true, that an Horizontal Refra- 
Aion of about thirty Minutes belongs to the Sun and Moon, and all the Stars ; 
though indeed Expericnce plainly Teltifies, That RefraCtions, cven in the 
lame Horizon, are greater or lets, according to the Thickneſs or Thinneſs of 
the Vapours ; and rowards the Northern fide of the World do generally jn- 
creafe, becauſe the Air is thicker. Whence it came to pats, That the Hellanders 
Wintcring in Nova Zembla, after a continual Night of fome Weeks, the Sun 
appear'd ro them above the Horizon, ſooner 'than they expected, according 
to the Elcvation of the Pole which thcy had taken. And for the ſame rea- 
ſon it is, T hat the Sun being in the Horizon, and being ſeen by a refraqed 
Ray, ſeeming to be Jo, that is, its whole Diametre, higher than really ir is, 
when it ſeems to touch the Horizon with the lower Edge of it; *t is at that 
time wholly beneath ir. | | 

Moreover, becauſe of the continual Diminution of RefraRtions it is, that the 
lower Edge of the Sun being a little more refrated than the upper, ir ſeems 
to be drawn nearer together to it ; whence it comes, That Ge Sun art its Ri- 
fing or Setting dos not appear exaRlly round, but Ecliprical or Oval, having 
its perpendicular Diametre more contraQted than the Croſs-Diametre is. Bur 
though che Moon be as much elevated by Refra&ion as the Sun itſelf is; yet 
it is fo, that when it touches the. Rational Horizon with its lower Edge, it 
is as then wholly beneath the Vittble : For indeed, if it was not as far trom 
the Earth as the Sun, it would nor only All appear, but by the help of Re- 
fraltions it would leave the Horizon with all its Diamerre : But the Parallax 
of the Moon, which is ſo near, depreffing the ſame upper Edge again a whole 
Degree, ic makes it all be hidden under the Horizon. 
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CHAP. 


Of the Theory of the three biober Planets, Saturn, 
Jupiter, and Mars. 


T has b-en ſaid above, That the Motion of Longitude of the three higher, 
as well as of the Moon, is affe@ted with a double Incqualiry ; che one 
fort of which is abſolute, the other is tied ro certain Approachments to the 
Sun. There is Difference between the Moon and the Ieffer Planets, that the 
hrſt Inequality of the Moon depends upon the Revolution of the Epicycle, 
the lecond upon the Mation ot the Eccentrick that carries the Centre of the 
Epicycle ; bur the firſt Incquality of the Planets depends upon the Eccemrick, 
and the ſecond is owing to the Epicycle. And befides, the Epicycles of the lefſer 
| Plancts 
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Plancts mpeve a contrary way, to that of the Moon's Epicycle : For they abour 
the Apogee of the Epicycle, do go 'towards the Conſequent Signs; bur about 
the Perigee of the ſame rowards the Antecedent. Now the T heories of theſe 
three upper Planets, do agree in having the like Circles and Lines; and ate 


content with the ſame Laws, only thev ditter 1 the quantity of their Circles - 


and Motions. | 


2. In Figure XVIII let T be the Earth, C the Centre of the Eccentrick A_ 


DE. B the Centre of the Equant, as tar diltant trom C, as this is trom T, [e 
A be the Apogce of the 6.298 P the Perigee, ABCT Þ the Line of a, 
Apſes, T E the Line. of the middle Motion of the Pianct, to which is always 
Parallel the LineB D, drawn trom the Centre of the Equant, to the Centre of rb 
Epicycle, which being continued ro M, ſhews the middle Apogee of the Epi. 
cycle, as the Right Line T D V, drawn from T through the Centre of the 
Epicycle D, ſhews in V the true Apogce of the Epicycle; but the Line C Dq, 
being drawn from C, the Centre of the Eccentrick, through the ſame D, tinds 
Q che Point of Contatt. Ler the Planer be in F, and then T F will be the 
Line of the true Motion of the Planct. : 

2. Now here a threefold Motion is to be conſider'd: The firſt of the Line of 

the Apogee ABC TP, which being affix'd to the Point T, with the reſt of 
its Length, is, according to Pto/omy's g_ moy'd with the tame Motion that 
the Sphere of the fix'd Stars has. T he ſecond is of the Ecc-ntrick, that carries 
abour the Centre of the Epicycle, from A through D to P, by an orderly Motion 
not about its own Centre C, as in the Sun, nor abour the Centre of the worl 
T. as in the Moon, but about the Centre of the Equant B; namely, fo that A 
B D in cqual ſpaces of time is equally increasd; as is allo the Angle A T E 
berwcen the Lines of the Apſes AT, and of the middle Motion 'T E. Thirdly, 
The Motion of the Epicycle carries the Body of the Planer equally from M, 4 
middte Apogee of the Epicycie rowards F and G. =: 
4 Now theſe Motions perform'd gheir Revolution thus : T hat of the Apogee 
in all the leſſer Planers once in 36200 years, according to Ptolomy, to wir, 1n the 
ſpace of time that the Firmament ir ſelf moves once round ; bur the Eccen- 
trick of Saturn moves every day two Minutes, that of Zupiter five, of Mars 31 :; 
and fo Saturn goes his Round once in 29 Egyptian years, Zupiter once in 11 Egyp- 
tian years and 346 days, Mars in one year and near upon 322 days. Laſtly, 
Thele Planets are carried about in the Circumference of their Epicycles, the 
firſt of them in one year and thirtcen days and i, the fſecond:in one year and 
almoſt 34 days; the third in two years and almoſt 6o days. | 

5. Now the Angle ABD, the ſpace of which the. Line of the middle Moti- 
on B D, (or T E) has receded from the Line of the Apſes AB T, is call'd here 
as in the Moon, the middle Centre of the Epicycle ; but the Angle A TD, is 
call'd the true or equaliz'd Centre of the Epicycle; and therefore the Angle B 
DT, which the middle Centre differs from the crue, is call'd the Equation of 
the Centre. And M F the diſtance of the Plancet from the middle Apogee of 
the Epicycle, is nam'd the middle Argument; as V M F the diſtance trom the true 
Apogee, is call'd the true. Now the Angle D T F, 1s the Equation of the Orb 
or | Heil ay; and is ſometimes greater, ſometimes leſs in the ſame diſtance 
of the Planct F from the Perigee G, according as the Centre of the Epicycle D 
is farther or nearer to the Earth T. And therefore here again, there 1s alſo the 
ſame Diverſity of the Diametre, that there was before in the Moon; and the 


| fame proportional Scruples too, and the fame fort of Excels, though of a diti- 


rent quantity in each of the Planets. | 

6. Now firſt of all, That the Concurrence or Agreement of the Superiour 
Planets with the Sun, to Followers of the old Aſtronomy, ſeem'd ro be very 
wonderful ; viz. That the Revolution of every one of them in their own Epr 
cycles, ſhould be compleated juſt in ſo much time, as there is from one middlc 

njunCtion or oppolition with the Sun to another; ſo that in every middle 
Conjunttion, the Pianer is in the middle Apogee of the Epicycle, and in every 
oppolition it is in the Perigee; and fo the Planet is always as far diſtant from 
the middle Apogee of the Epicycle, as the Line of the middle place of the Sun, 
has departed from the Line of the Motion of the Planer, and conſequently by 


Subtrating the middle Motion of the Planet from the middle Motion wy 
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Fm, the middle Argument of the Planet is found remaining, W hence it appears, 
thar by how much the morc ſlowly the Centre of the Epicycle goes forward in 
the Eccentrick, as particularly in Saturn; 10 much the ſooner does the Sun re- 
mmm around to it again, and likewiſe the Planet goes the fooner round in the 
Circumterence of the Epicycle, and on the contrary. | 

-. The Motion of the Superiour Plancts in Latitude has allo a twofold Var i- 
ay; ( according to Prolomy's opin:on at lcalt : ) For beſides that the Orbit of the 
Planer inclines towards the Ecliptick, the Plain alloof the Epicycle declines fo from 
the Orbit, that it is parallel or almoſt parallel to the Plain of the Ecliptick. — _ 
In Figure XLX. ler che Line a T 6 repreſent the Fcliptick ;, ( tor it 15 well known, Fig. ALX. 
that a Circle may be fo turn'd_to_the Eyc, that it may appear to nothing Cite 
bur a right Line;) and let | T m be the Orbit of the Planet, or the Eccentrick, 
cutting the Ecliptick in T. Now I ſay the Plain of the Epicycle fle, or g mb, 
© not Continued on With the Plain of the Eccentrick c T &, but declines from 
the Angle c le, which is almoſt equal ro the Angle c T a, the ſpace of which 
the Orbit inclines to the Ecliptick; fo that f [ e the Epicycle, and a T 6 the Eclip- 
tick, are as it were parallel one to another. And hence ir comes to pals, that the 
Latitude of the Planet does not only run out from the FEcliptick in the Perio- 
4-2] Metion of the I ccentrick, ſometimes Northward, and ſometimes Sourh- 
ward ; but in every Revolution of the Epicycle, the tame is increasd by the 
Planet's coming to the Perigece of the Epicycle f or &, and is diminiſh'd by the 
Planet's being about the Apogce of the Epicycle e or h. For ifthe Epicycle c 1 : 
was inſiead of f!e, and 1o thould fall upon the ſame Plain wich the Orvic 
cli T; thePlanct, being in the Apogee oi the Epicyle c, would then be farther di- 
tant from the Ecliptick a T, than ir is now tound to be ine, the Apogee of 
the Inclined Epicycle : And, on the other fide, f the Perigce of the Inclined Epi- 
cycle, is farther diſtant from the Ecliptick a T, than ? the Perigee of the Epicy- 
cle, when it talls upon the ſame Plain with the Orbit cz T. Now the grear- 
et Latirude of Saturn can ſcarce come to two Degrees, and hve or fix Minutes; 
nor of Jupiter to above one degree, and alto five or 11x Minutes; nor ' of Mars to 
aboye ſeven dcarces 1n all. 


CHAPEL 
Of the Theory of Venus. 


1 PHE Motion of Venus in Longitude, according to Ptolomy, has the ſame 
Circles and Lines belonging to it, that the fuperiour Planets have, and 

is explaind with the fame terms: And moreover the Motions of the Fc- 
centrick, and of the Epicycle do tend the fame way, though the Motiorr of the 
Eccentrick is not in every place govern'd by the ſame Law ; for that Line of 
the middle Motion, which in the ſupcriour Planets was abſolute, or not ticd to 
any other, is here ſo ticd to the Line of the middle Motion ot the Sun, that 
tis the very ſame; I fay the Line T E, of the Figure XVII. does in Venus Fig. 
always agree with the Line of the middle Motion of the Sun, to which is al- XVIu. 
wavs parallel the Line B D, ( which therefore may be alfo calfd the Line of 
middle Motion, ) drawn from the Centre of the Aquant B, through the Cen- 
tre of the Epicvcle D. | 

2. Now though the Incqualicy, which happens to Yenus, by reaſon of the 
Motion of the Eccentrick, that agrees with the Motion of the Sun, may ſeem to 
be tied, ( as well as the other which is deriv'd from the Epicycle;) yet in a true 
and found enle, it is to be reckow'd abſolute; namely, becaute the Motion nei- 
ther of the Sun, nor of the Eccentrick of Yenrs, is tied ro the coming together 
of Venus and the Sun; bur ſhe may be in Conjunftion' with him, in what place 
loever of the Eccentrick the Centre of the Epicycle is found. 

}. But now from this continual Connexion of the Lines of the middle 
Motion of the Sun, and of Yenus, there tollows another certain thing, through 
Which it is, that her Phenomena arc very much different from thoſe of the 
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YUPCTiOT Piancts ; namcly, That [ers can never go farther trom the Sun 
than her Fpicvcle will ſufter her: And for this reaſon ſhe 1s the Sun's conſtant 
Companion, ſcarce going from him at any time above halt a Sign. And 
whereas the Superior Planets, in the Perigce of their Epicycics, are in Oppoti- 
tion to the Si, and the Apogce in ConunCtion with Him ; She both m the 
Apoges and Perigce is in Conjunttion with the Sun, | | 

4. Although, by rcaſon of the Epicycles vt all the leffor Planets tending 
the ſame way, it happens, that they are all Retrograde in the Perigce of the 
Epicycle, becaule it. 1s contrary ro the Motion of its Centre, and\ move the 
faite; when in the Apogee of the Epicycle, becauſe *ris carried the ſame way ' 
with its Centre, and therefore quickens the Motion of the Planct; yet they 
are Sitettonary, Wacn they arc a little bclow* the Contingent Line drawn trom 
the Earth to the Circumterence of the Epicycie, where the Pianct goes -as far 
back in the Circumfercnce at the Epicycic, as it is mov'd forward by the Cene 
tre of the fame. | 

5 Now /Venus moves from the Apogee of the Epicvcle round to 1t again, in 
almoſt ninercen Months ; to the is about nine Months and an halt in going 
from Apogce ro Perigec, and is.all that time the Morning Star : bur the other 
nine Months and an -halt, while the is aſcending trom the Pct igee ro the Apo 
gcc of tne Epicycle, the rites as the Morning Scar befoxc the Sun; 
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CHAP. :x« 
Of the T heory of Mercury. 


EF” Planet in all things agrees with Yenus, excepting the Motion of 
the Eccentrick, and the difterent Quantity of Lines and Motions. Now 
as for the Motion of the Eccentrick, in Figure XX, let T be ſupposd to 
be the Earth, B the Centre of the Equant ; 1, 2, 3. 4, 5, 6, the Equant it ſelf, 
C the Centre of the little Circle, in whoſe Circumference goes about the Cer- 
tre of the Eccentrick, according to the order of the Points, #, hb, 7, B, k, !. The 
Circles made with Points repreſent the Eccentrick in its various Poſitions; and 
I have made G and g, as allo H and h, and fo on, that is. the great and | - 
tle Letters of the ſame kind, to lifnifie for inſtance, that G is the Circumie- 
rence of the Ecccntrick, when its Centre is in s, and H when it is in þ, and 
ſoon: Whence it follows, TI hat it happens only once in every Revolution 
of the Eccentrick, ( which 1s yearly, bcing equal to the middie Motion of the 
Sun, ) that the Centre of the Eccentrick is jovn'd in B to the Centre of the 
Equant, and fo that the Ecccntrick 1s the ſame with the Equant 1, 2, 3,4, 5, 6, 
bur at all other times they are different. Now T B is cqual to B C, and T 
B C drawn our on each fide is the Line of the middle Apogee, which goes 
forward with the fame Motion that the Firmament has, __ the ſame with 
the Line of the true Apogee, when rhe Eccentrick and the Equant are coinci- 
dent, otherwiſe it differs trom it: For when, for Example, the Centre of the 
Eccentrick is in þ, then TB C #@ does indeed remain the Line of the middle 
Apogce, but the Line of the true Apogee is to be drawn from the Earth T, 
through þ the Centre of the Eccentrick. | I 

2. \ ho therefore the Motion of the Eccentrick is compounded of two Mott 
ons, viz. Of the Centre of the Eccentrick, which is carried about in the little . | 
Circle «bi Bkl with a Motion equal to the middle Motion of the Sun ; and 
then of che Line of the middle Motion of Mercury, paſſing through the Centre 
of the Equant B, and which is always parallel to the Line of the middlc 


. 


Motion of the Sun : So that theſe two Motions agree in the Quantity of thc 


tim2 of their Revolution, but do tend two- contrary ways ; the firſt from 2 
through þ and z, but the ſecond from being in the Situation of B 1, to the S- 
ruation of B 2, B 3, ©&c. for in the place where the Lines B1, B 2, &c do 
cut the Eccentrick, thithcr you ſhall find rhe Centre of the Epicyclc carried 


by Mction of the Ecccutrick. Let the Centre of the Ecccutrick be in &, chen 
the 
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the Line of the middle Motion of Mercury wilt be B 1, and the Centre of the 
Epicyclc in G. Again, Let the Centre. ot the Eccentrick be in biBk1, 
the Line of the middle Morton. oft Mercury will be B 2, B3, B4, Bs, B6, 
and the Centre of rhe Epicycle in H I+&Kk-L 2: : | 

And now hence 'tis evident, That the Centre of rhe Epicycle being 
carried about by ſuch a compound Motion of the Eccentrick as this, docs, in 
moving about the Earth T, make an Oval Figure GHIbK L. And farther, 
by reaſon of the ſame Motion ' it happens, that the Centre of the Epicycle 
is twice in cvery Revolution in its Perigee in the Points I and K, (which are 
nearer the Earth T, than is the Point 6, ) but 1s only once the fartheſt from 
the Earth in the Point G. * | : ME 

4. And fo the Motion of the Centre of the Epicycle, which agrees with that 
compounded of the Motion of the Eccentrick, being thus conceiv'd, it will be 
afterwards calie to take a view of thoſe other things, that farther happen to 
the Epicycle : For in Figure XXI, the Line drawn from the Centre of the 
Equant B, through the Centre of the Epicycle, ſhews the middle Apogee of rhe 
Epicycle in the Point M ; but one drawn from the Earth T, through the Cen- 
tre of the Epicycle, (being the Line T V,) it ſhews in V the true Apogee of 
the Epicycle. Laſtly, The Line s G Q, or þ HQ, or zIQ, being drawn 
from the Centre of the Eccentrick g þ i, &c. through the ſame Centre of 
the gp it finds in Q the Point of Contat : And ſo Mercury is moved 


in the Circumference of the Epicycle, always by cqual Motions, departing far- 


thet and farther from M, his middle Apogee, till he return to the ſame again, 


after the of one hundred and fitty days: Whence it follows moreover, 
that he is in Comjuntion with the Sun in the Apogee of the Epicycle, as well 
3 in the Perigte, as was ſaid before of Venus; Namely, becauſe bis as well 
as her Line of middle Motion T E is always joyn'd with the Line of the 
middle Motion of the Sun, and to it is continually parallel the Line B My 


which may alſo be called the Line of the middle Motion. Ir alſo follows, 


that Mercury departs no farther from the Sun, than his Epicycle will ſuffer him, 


which fince, in proportion to its Eccentrick, it is leſs than the Epicycle of Ye- 
ms, it thence comes to paſs, that his Departure from. the Sun 1s the leſs, 
ut. ſcarce at any time a whole Sign. Bur his greateſt Digreſſion in the Epi- 
cycle, when his Centre, is neareſt the Earth in 1 and K, appcars to be near 
upon 231, 52! ; which yet, when the Centre of the Epicycle is in the Apogee 
of the Eccentrick G, does but come to little more than 19d ; which is ro be impured 
to the Diverſity of the Diametre of the Epicycle, which is ſcen ſomerimes un- 
der the Appearance of a greater Angle, and ſometimes of a leſs. Now 
Mercury appears in the Evening, while it is carried from the Apogee of the 
Epicycle V. through F, to the Perigce G; and in the Morning, while it is 
again aſcending from G to V : And it there be any other things, that follow 
the Motion of the Epicycle jult now explain'd, thole, I ſay, may be under- 
ſtood from the Theory of Venus. It remains now, that I ſay tomething of the 

Latitude of both... | | 
In Figure XXII, Lect the Circle a b c de repreſent the Plane of the Eccen- 
trick o Venus and Mercury, and let the Face of the Plain, that you fee with 
your Eyes, be ſuppos'd to be turn'd towards the Northern Pole of the Eelip- 
tick: And let b ad be the Line of the Apſes, b the Apogee, 4 the Perigee ; and 
let the Right Linc «< a e be drawn through the Centre of the World a; fo as 
to cut. the Line of the Apſes at right Angles,- and alfo ro repreſent che Eclip- 
tick, and the Plain of the Eccentrick, mutually cutting one another : And fo 
the Aſcending Node is e, and the Deſcending c. Now the Plane of the Ec- 
eentrick comes- to the Planc of the Eclipoick, and again goes from it by 
a fort of wavering Motion, that perfets its Revolution in the ſame ſpace 
of time, in which the Centre of the Epicycle goes about chrough eb c d e. For 
the Centre of the Epicycle being in e, both the Planes, (3. e.) of the Eecentrick 
and the Ecliptick, are united ; bur the Centre of the Epicycle proceeding from 
e to the Apogce b, the Plane of the Eccentrick does deviate from that of the 
Ecliptick, departing in the upper part of it e þ c, in Yenus. indeed towards the 
orth, but in Mercury towards þ = South ; bur ar the ſame time] the lower 
part 6 de does leaye the Ecliptick the _—— way, (z e. ) in /2uus Northward, 
| c | Alnc 
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and in Mercury Southward. And fo the Centre of the Epicvcie proceeding from 
bro c, the Plane of the Eccentrick does again come to the Ecliptick by little 
and little, rill it be united in the delcending Node c. And again, the Epicycle 
proceeding from « to d, the lower part of the Plane of the Eccentrick c d e, de- 
parts from the Ecliptick, in Fenws Northwatd, bur in Mercury Southward, bye 
in the mean time, the upper part - þ c, declines trom the Ecliptick the other 
way (i. e.) in Venus Southward, but in Mercury Northward. And by and by the Epj. 
cycle proceeding from «© to d, the Plane of the Eccentrick comes again to the 
Ecliptick by little and little, till it be again united to 1t in the Alcending Node. 
Hence it may be underſtood, that the C entre of the Epicycle of Venus, has al- 
ways its diſtance from the Ecliptick Northward, unleſs when in the Poingy 
e and c, it falls upon the Plane of the Ecliptick, and fo that part of rhe Plane 
of the Eccentrick, which the Centre of the Epicycle of Venus does pals over, (whe- 
ther that be the upper part, as - bc, or the lower, as c de,) does always deyi- 
ate from the Ecliptick towards rhe Nort1; but we are to underſtand the quite 
contrary of Mercury. And now this Libration of the Eccentrick they common- 
ly call the Deviation ; bur beſides this, there is alſo an Inclinatton of the Epi- 
cycle ro the Plane of the Eccentrick, which gives a Latitude to Penus and Mer- 
cury : For in the ſame Figure X XII ler &, Or h z, or k |, be taken for the 
Line of the mutual Section of the Epicycle and Eccentrick, which, while the 
Centre of the Epicycle is mov'd through bc d e, d is always fituared.-paralle] to 
the Line of the Apſes b ad: - Allo let the left part of the Epicycle fm g, boi, 
or k g 1 be underſtood perpetually ro decline from the Plane ot the Eccentrick, 
in Venus to the North, in Mercury to the Sourh 5 bur let the right {ide of the 
Epicycle fn g, or hpi, or kr | be underſtood perpetually to tend quite the. other 
way, in Venus to the South, in Mercury to the North | 
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CHAP. Xu. 
Of the true Syſtem of the VVorld. 


1. Hough Ptolemys Hypotheſis, which I have been hitherto explaining, do ſalve 

molt of the Phenomena of rhe Stars, that could be oblerv'd by the bare 
Eye, if to be the quantities of Lines and Motions be limited by thoſe Obſerva- 
tions he had got of many Times; yer certain it is, that not only the ſame 
may be all accounted for, by an cafier and far more probable Hypotheſis, but 
thar alto chere are certain Phenomena, tound by ncw-invented Tubes or Telc- 
ſcopes, which can in no wiſe conſi{t with his Svitem of the World : For he places 
the Earth in the Centre, and then ſuppoles, thar the Orbs of the Planets do ſur- 
round in this order, firſt the Moon, then Mercury, Venus, the Sun, Mars, 7ufi- 


' ter, Saturn, and, laſt of all, the Sphcre of the. fix'd Stars; as Figure X XIII. does 


preſent them ro our: view. But now our Teleſcopes do ſhew us thoſe Phaſes of 
Fenus and Mercury, that do manifeſtly prove, that thoſe two Planets are diſtant 
from us ſometimes beyond rhe Sun, and ſometimes on this tide : For, ſometimes 
they are horned, other times half tull, then gibbous, and laſt of all in the full, no 
otherwiſe than the Moon is. W hence 'tis thus argued, ifthey were always under the 
Sun, ( as Ptolemy thought; ) chey would cither appcar halted, or like a Sickle, or not 
atall, fecing they would :cither hold towards us their whole enlighten'd Hemt- 
fphere that is turn'd to the Sun, or elſe the greateſt part of it would he rurn'd away 
from us; bur if they were continually above the Sun, they would always appear 
Full, or as if they were fo, for the contrary reaſon : Therefore ſince they appear 
tomcrimes like half Moons, and ſometimes in the Full, they mult be fomerimes be- 
neath, and ſomerimes above the Sun; therefore 1 ſav, their Orbits do encompats the 
Sun : Bur they cannot ſurrond the Earth, becauſe they never go far from the Sun, nor 
ever comme into Oppoltion with him; which yer they muſt neceſſarily do, if the {ai 


- Orbits did include not only the Sun, but the Earth too. And farther, Figure X XIII. 


the Orbie of Mercury is included within the Orbof Venus, becauſe his greateſt Digrel- 


hon fromthe $un is lets thanthat of /enws; and allo becauſe he being nearer the Sun, 
| 15 
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Fa more lively brightneſs, than cither Yenus or any other Planet. On the con- 
ry, Mars, Jupiter, and Saturn, unleſs they mov'd about the Earth, they could 

*come into Oppolition. with the Sun: Bur they alſo go about the Sun too; 

if they went under it, at the time of ConjunCtion they would appear hor- 
d, asthe Moon does. *Tis plain allo, that the Earth, though it be included 

the Orbits of the Superiour Plancts, Mars, Jupiter, and Saturn; yet it is not 
accd in the Centre of them : For Mars is five times nearer the Earth when in 
Wppolition, than he is when in ConjunCtion; _ and fo appears five times greater 
terc, than he docs here: For the apparent Diametre of a Planet, obſery'd by 
* Teleſcope, is leffen*d in proportion to the Increafe of its diſtance from the 
arch. Now the Diametre of Zupiter is increated only the half from its Con- 
mQtion to irs Oppoſition; whence 'tls rheretore likewile inferr'd, that the Earth 
tplacd beyond the Centre of the Orbit of Zupiter, but not in the fame pro- 
Ercion to the whole Circumference that it is diſtant from the Centre of the 
Fbit of Mars: And belides the Phenomena ſeem to intimate, that the Sun is not 
it from the Centre of the. Orbit of every primary Planet; fo that they have 
e common Centte of their Orbits (nam?ly the Sun) at an cqual diſtance from 
e Earth: And moreover 'tis manifeſt, that that Planer, to- whoſe Orbit that 
mmon diſtance of the Centte has the leaſt proportion, that has the greater 


fcuit about the Sun, and fo the Orbir of Zupiter encompaſſeths that of Mars, - 


d for the ſarne realon it ſelf is contain'd within the Orbit of Saturn. Laſtly, 
mat the Moon moves about the Eatth is evident from hence, viz, becauſe ir 
ty not only be in Conjun&ion with the Sun, but alfo in Oppotition with it: 
id that it 1s the neateſt of all ro us, is plain; becauſe no Planct has ſo great 
Parallax, as it has; wherefore it muſt nceds be the neareſt to the Earth. 
2, Now therefore from theſe Phenomena now mention'd, it will be no diffi- 
't this to frame a ttue Syſtem of the world: For in Figure XXIV. let us 
poſe the Eatth to be in x, and let the little Circle chat encompaſſes it next 
Ul, be ſupposd to be the Orbit of the Moon. Then from thence ler a ſpace 
taken from the Earth x, cycn to 4, beyond the Orbit of the Moon; atid 
x 4 be the neareſt diſtance of Venus from the Earth ; and then from a to 6, 
ab be five times as much as x a, ſo that x b the greateſt diſtance of Venus 
m the Earth, may bear the ſame proportion to x « the leaft diſtance, that 
astol. Let ab be divided into two patts, and let c be the Sun it ſelf; fo 
tYenu, with reſpet to the Earth x, may ſometimes be as well on this {ide 
e Sun 1n a, as beyond it in b. And now within the Orbit of Years a b, let 
&* Orbit of Mercury d be drawn ; and then let the Orbit of Mars e f, encom- 
af both the Earth x and the Sun c, ſo that x e, the neareſt diſtance of Mars 
bm the Earth, may be a little greater than x a, the leaſt diſtance of Yenus ; 
fece the Parallaxes of both thcſe Planets, when they are neareſt to the Earth 
ttc almoſt the ſame, only that of Mars is ſomething the leſs. Then the Circle 
pg made with the Semidiametre c e, will be the true Orbit of Mars for a twofold 
caſon ; firſt, becauſe by theſe means the Sun c will be in the Centre of the 
Irbirt of Mars, or very near it, as the Phenomena hereafter to be ſpoke of do 
Euirc : And then ſecondly, becauſe ſo the greateſt diſtance of Mars x f, 
Bs 2 fivefold proportion to. the leaſt diſtance x e, or is five times greater, as 
tie proportion of the greatelt apparent Diametre re the leaſt does require. 
Gaſtty, Ter the Orbit of Jupiter g h, be drawn round them all; whoſe Semidia- 
tre c g let be almoſt five times greater than the Semidiatre either of the 
Urbit of the Earth, or of the Sun c x3 and ler z k be the Orbit of Saturn, 
Whoſe Semidiametre c i, let be almoſt ten times as big as the Semidiametre c 
F. the Phenomena hercatter to be explain'd requiring both ro be ſo : And thus 
Mall we have the true Syſtem of the World compoſed, as the black Circles do ſer it 
dut. And if the fix'd Stars did not appear in the Heavens, that ſhew that the 


n does every year walk through the rwelve Signs of the Zodiack; and if the. 


Flancts, beſides their firſt Incqualiry, had not alſo a yearly one ; and laſtly, if 
We had not the Viciſſitudes of Summer and Winter, as alſo the lengthening and 
bortening of Days and Nights; there would be no needof Pointed Circles, the 
anc of which, c m, docs ſhew the Orbit of the Sun.moving about the Earth, the 
Rhicr, =, the Orbit of the Farth, moving about the Sun: For the Appeararices 
& che ficlt Incqualicy in the Planers might be as well explain'd; if neither che 
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and in Mercury Southward. And fo the Centre of the Epicycle proceeding fr 
b toc, the Plane of the Eccentrick does again come to the Ecliptick by 1; 
and little, till it be united in the detcending Node c. And again, the Epic 
procceding from c to d, the lower part - of the Plane of the Eccentrick c d e, 
parts from the Ecliptick; in Fenus Northward, but in Mercury Southward, \ 
in the mean time, the upper part -b c, declines trom the Ecliptick the oth 
way (i. e.) in Venus Southward, but in Mercury Northward. And by and by the Ex 
vcks proceeding from c to 4, the Plane of the Eccentrick comes again to tj 
Ecliptick by little and little, till it be again united to it in the Atcending Nog 
Hence ir may be underſtood, that the C cntre of the Epicycle of Venus, has a 
ways its diſtance from the Ecliptick Northward, unleſs when in the Poin 
e and c, it falls upon the Plane of the Ecliptick, and fo that part of the Plan 
of the Eccentrick, which the Centre of the Epicycle of Fenus does paſs over, (whe 
ther that be the upper part, as - bc, or the lower, as cde,) does always deyj 
are from the Ecliptick rowards rhe Nort; bur we are to underſtand the quit 
contrary of Mercury. And now this Libration of the Eccentrick they commop 
ly call the Deviation ; bur beſides this, there is allo an Inclination of the Ep 
cycle to the Plane of the Eccentrick, which gives a Latitude ro Venus and M; 
cury : For in the ſame Figure X XII. ler fe, or h i, or k& |, be taken for & 
Line of the mutual Sc&ion of the Epicycle and Eccentrick, which, while x 
Centre of the Epicycle is mov'd through bcde, d is always tiuared parallel 
the Line of the Apſes b a d: - Alſo ler -the left part of the Epicycle fm g, bo 
or k 9 !be underſtood: perpetually to decline from the Plane of -the Eccentric 
in Yenus to the North, in Mercury. to the South ; - bur ler the righr fide of th 
Epicycle fn g, or hpi, or kr | be undcrſtood perpetually to tend quite the oth 


way, in Venus to the South, in Mercury to the North 
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Of the true Syſtem of the World. 


I. Hough Ptolemys Hypotheſis, which 1 have been hitherto explaining, do fa 
molt of the Phenomena of the Stars, that could be oblerv'd by the bs 
Fye, if io be the quanrities of Lines and Motions be limited by thoſe Obſeri 
tions he had got of many Times; yer certain it is, that not only the fat 
may be all accounted for, by an eafter and far more probable Hypotheſis, b 
thar allo chere are certain Phenomena, found by new-invented Tubes or Tek 
ſcopes, which can in no wiſe confilt with his Syſtem of the World : For hc plac 
the Earth in the Centre, and then ſuppoſes, thar the Orbs of the Planets do ſur 
round in this order, firſt the Moon, then Mercury, Venus, the Sun, Mars, 7uft 
ter, Saturn, and, laſtof all, the Sphere of the fix'd Stars; as Figure XXII}. doe 
prefent them ro our: view.' But now our Teleſcopes do ſhew us thoſe Phaſes of 
Fenus and Mercury, that do manifeſtly prove, that thoſe two Planets are diſtanil 
from us ſometimes beyond rhe Sun, and ſometimes on this fide : For, ſometimes 
they are horned, other times half tull, then gibbous, and laſt of all in the full, ng 
otherwiſe than the Moon is. W hence 'tis thus argued, ifthey were alwavs under the 
Sun, ( as Ptolemy thought; ) chey would cither appcar halted, or like a Sickle, or not 
atall, ſecing they would cither hold rowards us their whole enlighten'd HemBs 
fphere that is turn'd to the Sun, or elſe the greateſt part of it would be turn'd away 
from us; but if they were continually aboye the Sun, they would always appeat 
Full, or as if they were fo, for the contrary reaſon : Therefore ſince they appeat 
tomerimes like halt Moons, and ſometimes in the Full, they mult be fomerimes b&# 
neath, and ſomerimes above the Sun; therctore I ſay, their Orbits do encompats the 
Sun : Bur they cannot ſurrond the Earth, becauſe they never go far from the Sun, nor 
ever coine into Oppolttion with him; which yet they muſt neceſſarily do, if the 1a 
Orbits did include nor only the Sun, bur the Earth too. And farther, Figure X XII 
the Orbit of Mercury is included within the Orbof Venus, becauſe his greateſt Digrele 


tion fromrhe $un is lels thanthat of /e15; and alio becauſe he being nearer the Sum 
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ofa more lively brightneſs, than cither Yenus or _ other Planet. On the con- 
ary, Mars, Jupiter, and Saturn, unleſs they mov'd about the Earth, they could 
not come into Oppolition with the Sun: Bur they alſo go about the Sun roo; 
for if chey went under it, at the time of Conjunttion they would appear hor- 
ned, asthe Moon does. Tis plain alto, that the Earth, though ir be included 
in the Orbits of the Superiour Planets, Mars, Jupiter, and Saturn; yer it is not 
placed in the Centre of them : | For Mars is hve times nearer the Earth when in 
Oppoſition, than he 1s when in ConjunCtionz and fo appears five times greater 
there, than he docs here : For che apparent Diametre of a Planet, obſery'd by 
the Teleſcope, is lefſen'd in proportion to the Increafe of its diſtance from the 
Farth. Now the Diametre of Zupiter is increated only the half from its Con- 
juntion to its Oppoſition ; whence 'tls rherctore likewiſe inferr'd, that the Earth 
is placd beyond the Centre of the Orbir of Jupiter, but not in the ſame pro- 
portion to the whole Circumfcrence that it 1s diſtant from the Centre of the 
Orbit of Mars: And belides the Phenomena ſcem to intimate, that the Sun is not 
tar from the Centre of the Orbit of every primary Planer; fo that they have 
the common Centte of rheir Orbits (namz?ly the Sun) at an equal diſtance from 
che Earth: And moreover 'tis manifeſt; that that Planet, to whoſe Orbit that 
common diſtance of the Centte has the leaſt proportion, that has the greater 
Circuit abour the Sun, and ſo the Orbit of Jupiter encompaſſeth that of Mas, 


and for the ſarne realon it felf is contain'd within the Orbit of Saturs. Laſtly, 


That the. Moon moves about the Eatth is evident from hence, wiz. becaule ir 
may not only be in ConjunQtion with the Sun, but alſo in Oppotition with it: 
And that it 1s the neareſt of all ro us, is plain; becauſe no Planct has ſo great 
2 Parallax, as it has; wherefore it muſt nceds be the neareſt ro the Earth. 

2. Now therefore from theſe Phenomena now miention'd, it will be no diff- 
cult thisp to frame a true Syſtem of the world: For in Figure XXIV. let us 
—_ the Eatth to be in x, and let the little Circle that encompaſſes it next 
of all, be ſupposd to be the Orbir of the Moon. Then from theace ler a ſpace 
be taken from the Earth x, cyen to 4, beyond the Orbit of the Moon; atid 
let x a be the neareſt diſtance of Venus from the Earth ; and then from a to 6b, 
ket a b be five times as much as x a, ſo that x b the greateſt diſtance of Venus 
from the Earth, may bear the ſame proportion to x « the leaft diſtance, that 
6hasto1r. Let ab be divided into two patts, and let c be the Sun it ſelf; fo 
thatYenus, with reſpe&t to the Earth x, may ſometimes be as well on this fide 
the Sun in a, as beyond it in þ.. And now within the Orbit of Yenvs a b, ler 
the Orbit of Mercury d be drawn ; and then let the Orbit of Mars e f, encom- 

aſs both the Earth x and the Sun c, ſo that xe, the neareſt diftance of Mars 
rom the Earth, may be a little greater than x a, the leaſt diſtance of Yenus ; 
fince the Parallaxes of both theſe Planets, when they are neareſt to the Earth 
are almoſt the ſame, only that of Mars is ſomething the leſs. Then the Circle 
ef, made with the Semidiametre c e, will be the true Orbit of Mars for a twofold 
Reaſon ; firſt, becauſe by theſe means the Sun c will be in the Centre of the 
Orbit of Mars. or very near it, as the Phenomena hereafter to be ſpoken of do 
require : And then ſecondly, becauſe ſo the greateſt diſtance of Mars x f, 

a fivefold proportion to the leaſt diſtance x e, or is five times greater, as 
the proportion of the greatelt apparent Diametre -r@ the leaſt does require. 
br, ct the Orbit of Jupiter g h, be drawn round them all; whoſe Semidia- 

' metre c g let be almoſt five times greatef than the Semidiatre either of rhe 
Orbir of the Farth, or of the Sun c x; and let i & be the Orbie of Saturn, 
whoſe Semidiametre c i, let be almoſt ten times as big as the Semidiametre c 
x, the Phenomena hercatter to be explair'd requiring both to be fo : And thus 
ſhall we have che true Syſtem of the World compoſed, as the black Circles do fer ir 
out. And if the fix'd Stars did not appear in the Heavens, that ſhew that the 
Sun docs every year walk through the twelve Signs of the Zodiack; and if the. 
Planets, beſides their firſt hmatiey: had not alſo a yearly one ; and laſtly, if 
we had not the Viciſſitudes of Summer and Winter, as alto the lengthening and 
ſhortening of Days and Nights; there would be no need of Pointed Circles, the 
one of which, c m, does fhew the Orbit of the Sun. moving about the Earth, che 
other, xl, the Orbit of the Farth, moving about the Sun: For the Appeararices 
of the firſt Inequalicy in the Planers might be as well cxplain'd, if neither che 
| Bddd&d2 : Sure 


755, 
; 


Figure 


XXIV; 


ore 
LA ay —_ —_ 
. 


a 
Cursus MarutEmarTticus Book 1X, 


Sun was carried about the Earth, nor the Earth abour the Sun, by an Annual Mari. 
on; ſuppoling the Centres of the Sun and of the Earth, do evcry year come a 
little nearer to one, and again remove tO a farther diſtance. Bur lo meny other 
Phenomena, as were juſt now nam'd, do neceffarily- require, that either the Syn 
muſt be ſupposd to move yearly about thc Earth, or elſe the Earth about the Syn . 
{o that if the Sun be carried abour, the Earth reſts, or clſc 'tis the contrary way. If 
with Tycho we ſuppole the Sun to move only the Earth ſtands ſti] in z, and the 
Sun moving from c, through » and m, all the Orbits of the Planets do g0 along 
with it, ( excepting the Moon ;) to that the Centre c being transferr'd our of its Place, 
they are transferr'd likewite, and by the ſame Motion all the Points of every Ox: 
bit do deſcribe a Circle equal to the Circle of che Sun, as for inſtance, the Poine 
h of the Orbit h g, does deicribe the Circle h 0 p, cqual to the Circle cnm, Which 
is deſcribed by the Centre c. Bur now, it, following Copernicus, we luppoſe the Earth 
to move; then all rhe Orbits remain in their places, as the Sun their Centre does 
alſo remain immovable in c; and only the Earth muſt be mov'd from x, through 
9 tol in the ſame time, that the Sun ſhould be mov'd from c, through » to ». 
And now the Arch of the Earth's Motion x 9, bcin ſuppos'd to be equal to the 
Arch of the Motion of the Sun c n, to our kye that 1s plac'd in the Earth, the 
Sun will ſeem to move to the ſame part of the World, whether ir be moved, 
or the Earth : For, firſt, the Sun being moved from c to », and the Eye reſting 
in x, the Ray from the Eye to the Sun is xn: And again, the Earth bein 

moved from x to 9, ( whither alſo the Eye will come, while the Sun reſts in * 
the Ray from the Eye to the Sun is 7 c. Now I fay this Ray gc is direfted to- 
wards the ſaine part of the World, towards which the Ray z n is alſo direted; 
and that the Ray gc is parallel to the Ray x », which parallel Rays, ifthey reach 
a vaſt length, even to the Sphere of the fix'd Stars, they will conſcquently ſeem 
to fall in with one another into one and the ſame Line; for the valt length to 
which they are extended, docs make their diſtance as it were vaniſh into nothing, 
and for this Reaſon the Sun ſeems to be in the ſame point of the Firmament, whe- 
ther it be ſeen by the Ray 9 c, or by the other x »; and 1o there will be the 
ſame Phenomena, whether the Sun move about the Earth, or on the contrary : 
Neither is there any Reaſon for any .one to except again{t fo yaſt an Extenſion of 
the Firmament, for that it is really ſuch, and fo great one Argument is, that for 
inſtance, the Sinus, or Dog-ſtar, which co the bare Eye ſcems to be almoſt as big 
as Jupiter, yet by the Teleicope it appears to be but a mere Point; whereas Jupiter 
being by the ſame Inſtrument ſeen by one Eye, and compar'd with the Moon 
ſeen by the other Eye, being barc, docs ſeem to have three times a greater Dia- 
metre than the Moon has: Burt-if the Dog-ſtar was no farther off than Zufiter, 


1c would ſcarce ſeem to be leſs than Jupiter by the Teleſcope: Whence we may ga- 


ther, that there is in a manner no proportion between the diſtance of Jupiter and 
the Dog-ſtar. But beſides, conlidering the fo various and manifold Motions of 
all che Planets, vi3. how they move direftly, are ſometimes Stationary, ſometimes 
Retrograde , are alſo ſlower and ſwifter, do approach, and again reccede from the 
Earth, and have an Increaſe and Decreaſe of their Apparent Latitudes and Mag- 
nitudes, (ali which Ph.encme :4 may be accounted for barely by the yearly Motion 
of the Earth about the Sun, ) who cannot but judge it very probable, that the 
Earch does move abour the Sun indeed? Eſpecially ſince the Orb of Saturn 1; al- 
moſt ten times greater than the Orb of the Sun, than the Orb of Jupiter five times, 
and 11x times greater than chat of Mars: Nor is it likely or credible, that the 


leſſer Circles, ſuch as is that of the Sun, ſhould carry the greater Orbirs of the 


fuperiour Planets, as Tycho's Hypotheſis does require: To ſay nothing, that in this 
the Orbit of Mars cuts that of the Sun, and ſo at certain times the Body of Mars 
may come into that ſpace of the Airy Region of the World, -in which the Sun 
is at other times, which as to the primary Planets is very incredible; viz. that 
the Regions they paſs through ſhould be ſo confounded. Morcover for the Ana- 
logy or near reſemblance there is. berween the Earth and the other Planets, as 
they are all opaque or groſs Bodies, and the Earth does ſhine, as the reſt do, by 
a reflected Light, as is plain from the brightneſs of reflefting Clouds, and from 
the Earth's illuſtrating the Moon with a dim Light; they are alſo all ( as far as 
can be obſerv'd ) of rough, uneven ſurfaces, and, like the Earth, are turn'd about 
their own Axles, and thoſe inclining to the Ecliptick in their daily Motion, in 

| | 0 


once [. | 1 he Theory of the Planets. : 353 


{@ have the ſame changes of night and day, Summer and Winter; nay, and far- 
ther are accompanied with Moons proper to them, Zupiter with four, and Saturn 
with three, which they Eclipſe, and again arc Eclipſed by them. For this Ana- 
logy, I ſay, the Earth ſeems to be of right to be reckon'd among the Planets ; and 
the Sun, bccauſe he has not the ſame Analogy, ſecms to be plac'd in the only Cen- 
tre of them all ; eſpecially ſecing not only the Motions of cyery one of them would 
appear uniform enough, if they were look'd x ha from the Sun; and ſeeing their - 
 diltances from it are almoſt every where equable, which from” rhe Earth appear 
to be very unequal; but alſo the Revolutions of the Stars about Jupiter with 
reſpe&t rothe Sun, would be more regular, than they are ſecn to be from the Earth. 
And as their Revolutions have among themſelves the proportion of half as much 
more as their diſtances are from the Centre of Jupiter, (that is, the Squares of 
the times, in which they finiſh their Revolutions, are as the Cubes of their di- 
ſtances from the Sun, ) which is alſo true of the Companions of Saturn, fo that this 
ſeems ro be the general Rule of the Concentral celeſtial Motions; fo likewiſe the 
Times of the primary Planets Revolutions, have the proportion tro one another of 
half as much more as their indifferent diſtances are from the Sun, as Kepler ob- 
ſery'd; and therefore theſe ought tro be accounted no- other than Lunar Compa- 
nions, that movy'd about the Sun. | 4 

And hence it is, that now moſt Aſtronomers receive Copernicus's Syſtem of the 
World, as far more probable than any other, which. accordingly I ſhall endea- 
your to illuſtrate in what follows, though in explaining the Motions of the 
Luminaries, Tycho's Calculation be generally to be =: err'd before the reſt. Wherec- 
fore I ſhall Jay down, in the firſt place, Tychos Theory of the Luminaries 
& diſtintly as I can, and ſhall retain it in computing the Motion of the Moon, and 
ofthe Eclipſes of both Luminaries, 
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CHAP. XIV. 
Of Tycho's Theory of the Moon. 


1: NEcauſe Tycho's Theory of the Sun does altogether agree with Ptolomys, differing 
only in the quantity of Motions and Lines; therefore I ſtreighrway enter 
upon his Theory of the Moon. And here firſt of all 'tis to be noted, that Ty- 
c0 does explain the firſt Inequality of the Moon, and of the reſt of the Planers, 
by a certain Circle that carries two Epicycles, 217% one bigger than another. As 
in Figure XXV. the Circle that carries the Epicycle is B CDE, in whoſe Circum- Figure 
ference the Centre of the greater Epicycle 1s carried about from B rowards C, XXNyY. 
D, and E, and again the greater Epicycle does carry about the leſs with it, whoſe 
ntre z it has fix'd in its Circumference. fe 
And now the quantity and proportion of theſe Circles is this: The Setnidiametre 
ofthe Deferent, ( or Circle that carrics the Epicycles about, ) namely, the LineA B, 
$equal to 36 : Semidiamerresofthe Earth. Now ifin the ſaid Semidiametre A B,there 
be (uppogd to be 100000 Parts; then of ſuch parts 2174, are to be allow'd to the 
midiametre A H, and to the Semidiametre of the greater Fpicycle Bn or C = 
a0; ne laſtly, to the Scmidiamette of the lefſer Epicycle 2900, which is half 
of the former. | j | 
2. Now thefe Lines arc ſo moy'd, that the Line of the Apogee D A B, is 
firſt conceiv'd to be fix'd to the point A; but is. movable in the 2 of irs length, ſo 
at 1n about nine. years it paſſes through the Zodiack : Therefore from this 
Line of the Apogee, the Centre of the greater Epicycle being ſo many Months 
parted, it returns back to the ſame from B, through C D E, till it again oyer- 
take B, the Apogee of the Moon, a little beyond the Point of the Zodiack, in 
Which it had laſt left it. Again, the right Line-B n, C n, D n, E », drawn 
from the Centre of the greater Epicycle to the Centre of the leſs, is always 
parallel to this Line of the Apogee D A B; whence it follows, that the Centre. 
of the greater Epicycle bcing in C, the Angle m C m, or the Arch m n, the ſpace 
of which the Centre of the lefſer Epicycle is departed from the Apogte © = 
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greater m, is always equal to the Angle B AC, or tothe Arch-B C, the ſpace of 
which, the Centre of the greater Epicycle 1s departed from the Line of the Apo- 
gee D A B; and they both arc call'd the middle Anomaly ot the Moon: Eur the 
Motion of the lefſer Epicycle is always double to the Motion of the greater Epi- 
cycle, ( as alſo the Ray of the greater C n, is double to the Ray of the leſſer x ;,) 
and it always begins from a, the point of its Circumfercnce, whichthe Linethar joing 
the Centres Ban, C a n, 0c. do pals through: So the Centre of the greater Epicy. 
cle being in the Apogee B, the Motion of the greatcr Epicycle begins from n, 
and of the leſſer, and ſoconſequently of the Body of the Moon from a. Again, The 
Centre of the greater Epicycle being in C, if m » be the Quadrant of the Circle, 
the Semicircle will be a ez, and the Moon will be in z; alſo the Centre of the greater 
Epicycle being in D, if = on be the Semicircle, the whole Circle will be ae g, 
and the Moon will return from a to a. Laftly, The Centre of the greater Epicycle 
being in E; ſo that the Arch B C D Econliſt, tor inſtance, of ten Signs; then likewiſe 
the Motion of the greater Epicycle will be through ten Signs, trom m to its Peri. 
gee in n=: Bur the Motion of the lefler Epicycle will be through twenty Signs 
to wit, from « through e i v, its own Circle being wholly run through, an 
ac i0, an Arch ofeighrt Signs, belides. And all thele things are cxaltly alike in 

Rnd in evcry one of them, the Line A B, or A C, drawn from 
the Centre of the Deferent to the Centre of the greater Epicycle, is the Line of 
middle Motion; and the Angle C A z, that lies between this and the other Line 
Ai, drawn from the Centre of the Deferent through the Body of the Moon, is 
call'd the E icyclical Proſthaphereſis, and A i the Elongation of the Moon from the 
Centre of the Deferent: Laſtly, the Arch ofthe Deterent berween A B and A, 
or between A Band Ao, (computed according to the order of the Signs B C D, 
to As = call'd the Anomaly of the Moon, firſt equall'd. 

Bb The ſecond Inequality of the Moon is explain'd by a little Circle, whoſe Dia- 
metre AHF, cither falls into the Line of the Apogee DA B, or elſe is parallel 
to ir, and its Circumference paſſeth through the Centre of the Earth A. In this 
liccle Circle is carried about the Centre of the Deferent twice in every Lunatii- 
on, ſo that in every true SY2YBY» the Centre of the Defercent agrees with the Cen- 
tre of the Earth A, as in Scheme XXV: But ta the true Quadratures the 
Centre of the Deferent is in F, the point remotelt from the Earth, as in Scheme 
XX VI. it may be ſcen.; where, belides the Lines of the foregoing Scheme, there ap- 
pears alſo the Line of the true Motion of the Moon A e, drawn from the Earth 
A, to the Body of rhe Moon e; and the length of it, Ae is calld the diſtance of 
the Moon aboverthe Earth. But the Angle to the Moon A e F, that lies berween 
the Lines drawn from the Centre of the Earth A, and from the Centre of the 
Deferent F to the body of the Moon, is call'd the Proſthaphereſis of the Eccentri- 
city; and the Arch of the Eccentrick between F B and F e, or between F Band 
F 0, (reckoning according to the order of the Signs B, C, D, to F 0, ) is calld 
the Anomaly equalF'd: For the fingle or middle Anomaly here, as well as there, 
is BC, or the Arch BCDE, from which that other ( firſt equall'd ) differs al- 
ways from the Epieyclical Proſthapherefts C F e, or E F 0. | 

4. Bur out of the Syrygies or Quadrarures, the Diametre of the little Circle AF, 
doesnot{as before) fall into the Line of the middle Apogee D B, bur is parallel to it, 
as may be feen in Scheme XXVII. For lerthe Centre of the Deferent FE, wander as 
it will through the little Circle ALFE, yer thoſe three Lines viz. the Diametre of 
the lietle Circle A F, and the Line of the middle Apogee D B, and that which 
joyns the Centres of the Epicycles C n, will continue parallel. But in this third 
Caſe beſides: the Lines of the foregoing Schemes, there is alſo found AE R, the 
Line of the true or monthly Apogee, drawn from the Centre of the Earth A, 
through the Centre of the Deferent E, ſo that R is the true Apogee, and S the 
rrue ſhrigce, And ſince the Motion of the Centre of the Deterent E, v3. the 
Arch of the lirelde Circ A L F E, is always equal to the doubled Arch, that 
lies between the true placc of the Sun and the place of the Moon, firſt equall'd, 
( which they call the doubled diſtance of the Luminaries ; ) thence 'tis manifeſt, 
that rhe Arch F E, (which in this place is the Exceſs of the whole AL FE, above 
the Semicitcle A L F,) may be obtain'd, to which is cqual the Angle to the Cen- 


we EHP, bur the half of the fame is the Angle to the Circumference F A E, 
by 20 I, And: again, to this is equal BER, which they call the Ange 
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of the ſecond Equation, with reſpect to the ſingle Anomaly, which is twice to be 
equall'd : So in this place, the ftagle Anomaly is B C, or BE C the Angle; bur 
the Anomaly firſt equalled, isb Ee; and the Angle of the ſecond Equation BER, 
being ſubrratt'd from ir, there remains R E e, the Anomaly cquall'd in the te- 
cond place, Iying between the Line of the true pos ER, and the other which 
s drawn trom the Centre of the Deterent E, to the Body of the Moon. But 
beſides, there is farther to be contider'd the Line A E, that joyns together the 
Centres of the Farth A, and of the Deferent E, which they call the Eccentricicy, 
and that is ſubtended, or lies under the Angle to the Moon A E e, which TI have 
nam'd the Proſthaphereſis of the FEccentricity : For it ſhews the ditierence that is 
berwcen the place of the Moon, that is ſeen from the Centre of the Defercnt E, 
and from A the Centre of the Earth; and the Moon going from the true Apo- 
oe R, through D, ro the Perigee S, it is taken trom rhe Moon's place that is firſt 
equall'd; as in the other Semicircle $ B R, 1t is added, that in both caſes, the 
Moon's place that is ſecondly cqualled, may be found. 

5. Bur now beſides the Incqualitics of the Moon hitherto ſpoken of, viz. the firſt 
Epicvclical, and the other of " poniaryert Tyicho alto found a certain third, but ve- 
ry ſmall one, which never excccds forty Minutes and :; and 'tis call d the Vari- 
ation, and is nothing elſe but a certain Libration, or wavering of the Centre of 
the greater Epicycle, whoſe Motion is ſwitter about the rime ot the Syzygics, and 
ſlower about the Quadratures: For in every Syzygy; and Quadrature, the Centre 
of the Epicycle is in C, ( in Figure XXVIII. ) the Centre of the little Circle ; 
where it would alſo be. if there was no Libration at any time. But in an Octile 
AſpeR, before the Syzypies, it is in g, and goes on from thence; fo that in the ve 
Moment of the Syzygy it comes to the Point C, and procceds cven to the Odik 
after the Syzygy into f. Now here when the Oftile is before the Quadrature, 
it goes back; ſo at the very moment of the C— it rcturns into C, and 
goes backward ſtill, even to the Oftile after the Quadrature into'g. Now the 
manner of this Motion of Libration 1s, as if we ſhould ſfuppole a certain Point to 
begin at the very moment to go forward from s, with an cqual Motion towards f, 
whither ic comes in the Ocftile after the Syzvgy, and proceeds from thence, till 
at the time of the Quadrature it is in y, and fo on. Now from any Point of the 
Circumference of the little Circle, in which the teigned movable is fuppolſed to 
move, let a perpendicular be caſt upon the Diametre of the little Circle fy -- As 
for inſtance, the feigned Moveable being in h, a Perpendicular lct fall, would find in 
the Diametre of the little Circle the Point t, where the Centre of the Epicycle 
will then be. In che mean time *tis eaſily underſtood, that this libratory Motion 
of the Centre of the greater -Epicycle, does the ſame way affect nor it ſelf only 
but alſo the lefſer Epicycle, and the Body of the Moon that is fix'd in it. An 
this is the Moon's Motion of Longitude according to Tycho Brabe. 
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CHAP. XV. 
Of the Latitude of the Moon according fo Tycho. 


Eſlides thoſe things that our Predecefſors have delivered concerning the Lati- 

I tude of the Moon, which were built upon the Deviation of the Moon's Or- 
dir, five degrees from the Ecliptick, and upon the Revolution of the Nodes to 
the Antecedent Signs, which was ſupposd to be finiſh'd in about nincteen years 
ume; Tycho has farther found out a double Irregularity, the one of which he 
aſcribes to the trembling of the Nodes that ſometimes move more1wittly chan ordi- 
nary toward the Antecedcnt Signs, ſomerimes go ſomething back into che Con- 
lequentz but the other he attributes to the Orbit that ſometimes inclines, or nodds, 
Is 1t were, towards the Ecliptick, and again ſometimes declines from ir. But both 
the ſaid trregularitics happen through a wavering Morion, juit ike that attribu- 
ted to the Variation of the - Moon in the foregoing Chapter : For to ſpeak firlt 
of the former of the two, in Figure X XIX. there is a little Circle to be deicrib'd 
from the Node A, which by its middle Motion, tends to the Antecedent Signs _ 
wards 
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wards D. Int every Syzygy and Quadrature, the truc Node agrees with the mig. 
dle one A, thence it goes on to the conſequent Signs toWarus B, till the Otile 
after the Syzygy or Quadrature be completed; and fo it goes back towards A 
and C, in the ſame manner, that the Scmidiametres, or the inveried Signs gf 
all thc degrees of the little Circle, do increaie or decrcaſc, ( as was ſaid befyre 
concerning the Variation of the Moon, ) and the Ray ofthe little Circle A B, is 
of one degree and 46'. The other Inequality, 213. ot the inclining and declining 
Orbit, is made undet a Circle of Latitude, drawn through Bounds 50 gg; 
grees' remov'd from the Nodes. In every Syzygy the Angle of the Orbit of 
the Moon, and of the Ecliptick, or the Arch ot rhe Circle of Latitude drawn 
through the ſaid Bounds, is at leaſt of 4 degrees 58'. 39 ., bur in every Qua- 
drature, the ſame Angle or Arch is of 5 degrees, 17% 30'- So that the Dia. 
metre of the Circle of Fencion is of 1g; and the Mariner and meaſure of the 
Libration ( as before ) follows the proportion of the inverted Signs, that antwee 
to every degree of the Circle of Libration, 
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CH AP. XVI. 
Of Copernicuss Sphere. 


"FAving now explain'd the chicf wr of thoſe that will have the Earth 
to ſtand ſtill, I now enter upon t ar that ſuppoſe it be moy'd 
about the Sun. But before the Phenomena of the ſecondary Moveables can be ex- 
Ty fy by this ſuppoſition, we mult firſt underſtand, how according to this the 
rſt Motion mad be demonſtrated, that is common to all the Stars, which isother- 
wiſe wont to be explain'd by the common Sphere. But here we have need of 
a Sphere, different from the common one, and we muſt form our Conception 
a little otherwiſe than before, perhaps in this manner: The Centre of the Sun 
1s ſuppos'd to be the Centre of our pronnngy World, which is encompaſsd on 
all fides by the Lucid Bodics, which we call the fix'd Stars; * which fix'd Scars, 
how far they are from the Sun, is out of Ken and reach of our Senſes and Ima- 
_ ro comprehend : For who can tet w_. Bounds to the Univerſe, no 
nds of which he could ever yct perceive ? herefore we make the Sun the 
Centre, not with reſpect to the whole Univerſe, which-is unmeaſurable, ( at leaſt 
oy and therefore has neither middle not: extream ; but with, reſpe& to our 
Earth and the reſt of the Planers, which are carried round the Sun, as about 
a Centre or certain middle Point. And the ſame Sunn may be ſaid to be the 
Centre of the Sphere of the fix'd Stars, not as if this was diſtinguiſh'd from the 
FExtramundane Void by certain Surface or outward Cruſt; þut becauſe our Ima- 
gination, ſtretching ir ſelf equally on every fide trom the place where we arc, 
and being unable to comprehend the Immenluy, it is bounded on cach fide into 
a kind of Sphere. Or if .any one had rather extend this Sphere of the World, 
as far as the Eyc is able to go, when afſſilted by the beſt perſpefives, the Uni- 
verſe will loſe nothing of ics Immenſeneſs. And now if the Spherc of the fix'd 
Stars be unmcaſurable, it will alſo for that rcaton be unmovable. Nay, if you 
ſuppoſe a certain Extramundane Void, yet no man can imagine, how the out- 
moſt Surface of the World forfakes one ſpace after another "8 Void, where 
there cannot be ſo much as any Sign given, by which that departure may be 
perceiv'd. If therefore the utmoſt Surtace of the World, do not change 1tsS!- 
euation, with reſpe& ro the void ſpace that is without ir, ( for we cannot ſo muc 
as teign ſuch a thing by the ſtrength of RC —_—_— but changes irs Situation 
only with reſpe& to the Bodics contain'd within it, What remains, but that we 
may think the Sphere of the fix'd Stars is immovable, but the: encloſed Earn, 
with reſpc& to the ſame Sphere, docs change irs Situation, that is, is really turn 
about its own Axle? Now therefore, whether the Sphere of the fix'd Stars be un- 
meaſurable, or bounded, yet certainly 'tis immovable, and may be ſaid ro be of 
a Spherical Surface, ict Centre the Sun poſſeſſes, and never moycs out of 1t, 


though 'tis found to roll about its own Axle, by the ſpots which in a certain pon 
| | O 


part l. The Theory of the Planets. 


oftime are removed from one edge of its Hem ſphere to the other. Now as the Im- 
menſe Sphere of the fix'd Stars, confider'd 1 it ſelf, do2s want a Centre or mid- 
die; bur, becauſe of the Motion of the Planets, does obtain a- Centre, which I 
have ſaid to be the Sun, rather than the Earth: So alſo by reaſon of the ſame 
Motion of the Planets, which in a certain 'Track* are mov'd abour the Sun as 
their Centrezrhe ſame Immente Sphere of the fixed Stars has a certain Girdle,which 
wecall the Zodiack 2. e. che Rays paſſing from the Sun by the Planets that are carried 
about; all which Rays do fall upon choſe Aﬀeriſms of the Sphere of the Stars, 
which from the Reſemblance of Animals, they call Zodra. 'In the middle of 
which Girdle, ſecing the Earth always walks, as by a certain High-way between 
che Plancts that deviare on cach fide; theretore that Circle is call'd the Circle 
that paſſes through the micdtt ofthe Animals, that 1s, the Circle that goes through 
the middle of the Signs, (the Plane of the Circle, which che Earth Lc way be- 
ing continued ro the Sphere of the fix'd Stars:) And the Arca, or plane ſpace, 
extended on every ide berween the Circumterence, delineated in the Fre, 
and theCentre ot the Sun, is call'd che Plane of the Ecliptick : And a perpendi- 
cular erefted trom the Centre upon this Plane, is the Axle of che Ecliveich which, 
when continued to the tixed Stars, has in its Extremities or Ends, the Poles of the 
Ecliptick; and theſe Poles, as alto the Ecliprick it felt, has always the ſame Si- 
ruation with reſpett to the tix'd Stars. Again, from the Poles of the Ecliptick 
w the Ecliptick it ſelf, arc drawn Circles ot Latitude : Bur as in the Terrcſtrial 
Globe, no Meridian is in nature betore any other, but only by Men's Inſtituti- 
on and Agreement; ſo among che Circles of Latitude, there is no one the firſt, 
but that which men would have fo. Copernicus draws the hr{t Circle of Latitude 
through the firſt Star in Aries, and from this computes the I ongitudes of the 
fix'd Stars; which was begun trom thence, becauſe about the Age thoſe lived 
in, that have left us the mol? antient Obſervations, the firſt Star in Aries was near the 
Vernal Zquinox. But in the beginning ot 1cG9. the Colure of Solſtices was 
diſtant from :l1c firſt Circle of Latitude, drawn through the firſt Star in Aries 61 de- 
grees, 32, 51”. towards the confequent Signs. Now the other Colure (of Aqui- 
12s) is diſtant from the Colure of Solftices 95%, to be compured on this 1ide, 
and beyond in the Ecliptic%. \Bur in this the rwo Colures differ from one another, 43. 
that the Solſticial Colure paſles both through the Poles of the Ecliprick, _ 
the Ajuator too; but that of the /Equinczes goes not through the Poles of rhe 
Ecliptick, but only of the' {quaror., Now the Poles of the /Eguator are thus 
found out; from the Pole of the Ecliptick in the ſame Colure of Solltices, ler 


23), 39'. be reckon'd towards 'the fame part of the Starry Globe, where are - 


the bright Heads of Gemini; and fo where the Account is ended, there is the 
Artick Pole of the Aquator, to which the Antarttick is diametrically oppoyd. 
But no as the yearly Motion of the Earth about the Sun, produc'd the Eclip- 
mck ; fo the daily- Motion of the Earth about 1s own Axle, produc'd the Xqua- 
w; which is properly a Terreſtrial Circle, which any point in the Surface of the 
Earth, that is on cach tide equally dittane from the Poles, does deſcribe by its 


Which is indeed .of a Salt depth, bur with relp23 tothe Firmament, 1t 1s unper- 
Civable. $2» likewiie, ir that grofs Point be fuppos'd to flow from the Centre 
Petpendicularly to the Plane of the Ecliptick, chen che Axle of the Ecliprick is 
drawn : And to reckoning 23 degrees In the Colure of the Solſtices, from the 
Pole of the [prick, towards the Heads. of Gemini, there will again appear from 
tat groſs, Contre at the end of 23J?, 3o'. an Axle of the Equator, as cqually groſs 
oO thick, which-ver wich reipect to the valt Firmament, 1s no more than a bare 
Line, And fo ar length, both the #vator and the 'Tropicks will be conceiv'd 
to b2 delincated by grols Circamfcrences in the Sphere of the tix'd Stars. And 
20w thete things being thus tuppos'd, in what part foever of its Orbit the Earth 
S ITWHY) always boo in the Cone of the Firmainent : For that Centre is as big 
| Eecee as 


» 
ai 
< _—— ET — 


Cursus MarTrEmMaATICUS, Book IY, 


— 


| "455 99 
as the very Orbit of the Earth. And yet nevertheleſs, if any Circle that is drawn 
in the ſurtace of it ( that is, of the Earth, ) be divided, as the quarter, for inſtance, 
into 359? there may be drawn from the Centre of thc Earth, through cvery Diyi- 
fion that is made in itsSurface, to the very Corleſtial /Xguarcy right Lines, that will in 
like manner dividethe whole Cacleſtial Aguator into jult fo many degrees: Andto: vye- 
rv degree of the T crreſtrial A-puator every degree of the Caricttial ones will anty. er, 
a: the whole Terreſtrial A-quaror\lies under all the Corleftial; in what part toever gf 
irs Orbit the Earth is placd. And ſo alfothe Tropicks ot the Earth will lie unccr | 
the Tropicks of the Firmamcnrt, and the Arcticks under the Arcticks.. Hence we 
mult know, thar the firſt Circle of Latitude ( which goes through the firlt point of 
Aries ) is immovcable ; bur the Colurc of the Solttices comes by little and little ty- 
wards the firſt Circle of Latitude, moving with a flow Motion cycry ycar 51” abour 
the Poles of the Ecliprtick, that 1s in 70 years about one degree. And by that Mo- 
tion it carrics about with ir the Pole of the A-;uator, ( which is inthe Colure of the 
Solſtices; ) whence it comes, thar allo the other Colure ( of Aquinozes, Which is di- 
{tant from the Colurc of the Solſtices always go ,) docs creep on together with it 
towards the Anteccdent Signs; And to the Equinottial S:Ctions do recede trom the 
ftix'd Stars towards the Antecedents, the Ecliptick however remaining immoveable; 
and the /Equator, with all its Appurtenances, v4; its Paral:els and Meridians, which 
arc carricd about the Axlc of the Ecliptick. Aud this Motion 1s wont to be called 
the Procefſion of the Afquinoxes. Now the daily Motion of the karth is from Welt 
to Eaſt, according to the Ofder of the Signs about its own Axle ; which Axle, 
while the Centre of the Earth is by its yearly Motion carricd around in its own 
Orbir, does always continue Parallel to it ſelf, excepting only that flow Motion of 
it about the Axle of the Ecliptick, which has been juſt now mentioned, which is 


only 51” yearly. For wherefocver the Earth is in its Orbit, always the Right Line, 


drawn from irs Centre to the Pole of the Caeleftial Aquator, docs repretcnt the Axlc 
of the Earth, about which it is moved by its daily Motion. Now how the Phene- 
mena of the Scaſons of the year, and ot the Changcs of Days and Nights may be 
hence deduc'd, I ſhall explain in what follows. Burt now as concerning the Motions 


_ of the reſt of the Plancrs, Firit, The Arch of the Planct in the Ecliptick, taken 


trom the vernal Interſection, or the point of the Spring- Aqguinex, to the Afcen- 


_ ding Node, is the Longitude of the Node, which is always cqually increaſed in the 


other Planets, but in the Moon it decreales cqually, becauſe the Nodes of the Moon 
20 backward. S-:condly, Morcover trom the Aiccnding Node arc reckoncd in the 
-cliptick g24, and from thence to the Pole of the Ecliprtick is drawn the Circle of 
che greatett Inclination. For as the diſtance of the Sun trom the Equator 1s the 
greacelſt ia the beginning of Cancer and Capricorn, Which is god diſtant from cithcr 
A gainox, and is called the greateſt Declination : So the greateſt diltance of cvery 
Planet trom the Ecliptick, confider'd as from the Sun, happens in the Northern 
or Southera Bounds of the Planer's Motion, which arc hath gyoll diſtant from cacit 
Node, and it is called the greatcit Inclination, And now trom the Aſcending Nodc 
trough the Northern Bound, is drawn the Orbit of the Planct to be concciv'd in 
the Firmament, in whoſe Plane is afterwards delincatcd the very Track of the Pla- 
nct, as it goes about the Sun, which 1salſo call'd morc properly the Orbit of the Pla- 
net. Thirdly, The Arch that is reckoned from the Atcendent. Node to the Apbe- 
lion, ( or place of the Planets fartheſt diſtance trom the Sun, ) when added to the 
Longitude of the Node, gives the Longitude of the Aphelion from Aries. And though 
theſe two Arches bc taken and computcd in diverie Circles, the firſt in the Ecliptick 
trom Aries to the Node, and the ſecond in the Orbit of the Planer, that inclines 
upon the Ecliprics , trom the Node to the Aphelicn ; yer fecing borh the Moti- 
ons are regular, one Motion may be compounded of them, which may alto be re- | 


- gular, to wit, of the Aphelion from the ZEyuingx : For a Regular added to 4 


Regular produccs a Regular, 4 Laſtly, from the Apbelion in the Orbit of the 
Planer (underſtand here always that Orvit which is drawn in the Sphere of the 
tixed Yars ) to the Linc of the Middle Motion, is the middle Anomaly, bur to thc 
Line of the true Motion is the cqualiz'd Anomaly, which being added in the firlt 
Szmicircle to the place of the Aphelion, and fubltratted in rhe latter, it gives rhe 
Heltocentrick place of the Planet, ( or the place it is in with reſpect to the Sun 
when taken for the Cntr) which is atterwards to be brought to the Ecliptick, an 
tncn tac Heliocenrick Place of the Planct in the Ecliptick does appcar, namec- 
| Ys 
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That Point which is fourid by the Circle of Inclination, that is drawn 
ugh the Place in the Orbit. 
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the Motion of Reflexion of the Earth's Axle, and of 


the Declination of the Sun that ariſes from thence. 


Figure XXX. let the great Circle y S = w be the Ecliprtick of the Firmament, 
thole Southern Pole a, ler it be conceiv'd to be turn'd to us, who are ſupposd 

* without the Firmamentr at an infinite diſtance, while the other the Northetn 

is hid behind it in the other Hemiſphere. Now this Ecliptick ought to be con- 

d ſo large, that the whole Orbit of the Earth b cd e, with reſpett ro it, may be 
idcr'd as no more but a Point or Centrez which, fince it cannot be exprelisd in 
1eme, is to be ſupplyed by the Fancy. Now the Colure of the Solftices is here 
nto a right Line S a w. In the Plane of the Ecliptick is delincated the Orbir 

e Earth, going forward in its yearly Motion from+b toc d e, Gc. and that fo, 
the Plane of the Earth's Eclipricky or of the lefler Circle Y S = w does per- 
uly remain in the Plane of the greater Circle, Y S = w; ( not mentioning at 

nt the Earth's daily Motion about its own Axle: ) And all the Signs of the 

a's Ecliptick do each of them conſtantly remain under thoſe particular Signs of 
teat Ecliptick, which bear the ſame Names, and are never ſeparated from one 

r, though the Earth's Centre be carried about by a yearly Motion ; but by 

tain magnetical Power cvery Sign is kept in the ſame Situation by the Sign 

ie ſame Names: Therefore & þ vw, Sc w, 0c. will repreſent the Earth's Sol- 

| Colure, which paſſes through the Southern Pole of the Earth's Ecliptick, that 
Td towards us, b, c, d, Cc. and is alſo hid by the Northern behind b, c, d, Cc. 
ikewiſe through both the Poles of the Earth's /&gquator, wiz. the Southern, which 
m'd to us in p, and the Northern, which is placd in 0 in the Hemiſphere, 

is tura'd from us. But it from the Poles ot the Earth's Ecliptick, namely, 
the Southern one b, that is turn'd to us, and from che Northern one, which 
behind b, be raken on cach tide the Diſtance of 23* * ; And if there be two let- 
"*rcles underſtood to be defcrib'd of that Interval about both the Poles of the 
iick, the one mn 0p, and the other that which lies hid behind it in the He- 
-acre that is turn'd from us: Then ( if from the Centre of the Earth there 
gt on each ſide a Ray to the Circumference of the ſaid lefler Circles, fo that 
two Rays be extended ſtreight forward into one Diametre; and the middle 
nr of chat Diametrc being fixt in the Centre of the Earth b, if the ends of 
Diametre be carricd about in the Circumfetence of the letler Circles m # op, artd 
t which lies behind it,) there will be deſcrib'd by the Diametre the Surface of two 
nes, whoſe tops do come into a Cone in the Centre of the Earth, bur the Baſcs 
»the Planes of the lefſer Circles laſt mentioned, in whoſe Circumterence the Ends 
the Diamectre were carricd about ; moreover the Plane of the Circle of Ilumi- 
won that is caft upon the Right Line m n, does divide this twofold Cone in the 
liddle. For wherelocver the Earth is in irs Orbit, the Ray that comes from the 
Ih 4, ro the Centre of the Earth 6b, c, 4, &c. will be perpendicular to the Plane 
f the Circle of Illumination m », and this ſame Plane mz » does divide equally both 
e twofold Cone and its Bates m n © p, and that which lies behind it. And now 
'1eſe being thus ſupposd, when the Earth is in þ in rhe beginning of Aries, the Axle 
*the /&uator o bp, that extends it felf from the Northern Pole o, ( which is turn'd 
fray from us, ) through the C2ntre of the Earth b, to the Southern Pole, ( which 
eucn'd ro us, ) does then fall upon the Plane of the Circle of Illumination, in 
hich the Axle op is plac'd for a time. Here therefore, ſeeing the Circle of H- 
mination pafſe# through both rhe Poles of the Earth, ir may be eafily imagin'd, 
at both the Auator, and all its Parallels that are to be gelcrib'd by the daily Mo- 
m of the Earth, muſt be cut in rwo by that ſame Circle of Hluminatior, and (o' 
at cvcry Point ot the Earth does I daily Motion make one Semicircle parall=t 
Cen ro 
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as the very Orbir of the Earth. And yer nevertheleſs, if any Circle tat 15 d; 
- 51 the ſurtace of it ( that is, of the Earth, ) be divided, as the 7E4uater, tor inſt; 
into 3527; there may be drawn trom tac Centre of the Earth, through cvcry L 
fion that is made in its Surface, tothe very Corlceſtial /Equatcr tight Lines, that w 
like manner dividethc whole Coeleſtial Aguator into juit fo many degrees: Andtg 
ry degree of the Terrcſtrial F-guator cyery degree of the Caricitial ones will anf 
ai the whole Terreſtrial Aquator lies under all the Ccolcſtial, in what part tocy, 
its Orbit the Earth is placd. And ſo alfothe T ropicks of the Earth will licu 
the Tropicks of the Firmament, and the ArQticks under the Artticks, Hei.c 
mult know, that the firſt Circle of Latitude ( which gocs through the firtt pox 
Aries ) is immovcable ; but the Colurc of the Solttices comes by little and Jul 
wards the firſt Circle of Latitude, moving with a flow Motion every year 51” a 
the Poles of the Ecliprick, that is in 70 years about one degree. And by that 
tion it carrics abour with it the Pole of the A:ruator, ( which is in the Colure ol 
Solſtices; ) whence it comes, thar alto the other Colure ( of Aquinozes, Which 1 
ſtant from the Colure of the Solſtices always $0,) docs creep on together wir 
towards the Antecedent Signs; And to the Equinoctial S.Etions do recede trom 
fix'd Stars rowards the Antecedents, the Ecliptick however remaining immovea 
and the /Fquator, with all its Appurtcnances, iz, its Paralicls and Meridians, w 
arc carricd about the Axlc of the Ecliptick. And this Motion 1s wont to be c 
the Proccfſion of the AFquinoxes. Now the daily Motion of the Earth is trom 
to Eaſt, according tro the Otder of the Signs about its own Axle ; which £ 
while the Centre of the Earth is by its ycarly Motion carricd around in its 
Orbir, docs always continac Parallel to it felt, excepting only that {low Morio 
it about the Axle of the Ecliptick, which has been juſt now mentioned, whiji 
only 51” yearly. For wherefocycr the Earth is in irs Orbit, always the Right J 
drawn from its Centre to the Pole of the Celeſtial Acguator, docs repretent the, 
of the Earth, about which it is moved by its daily Motion. Now how the Pt 
mena of the Scaſons of the year, and ot thc Changcs of Days and Nights may 
hence deduc'd, I ſhall explain in what follows. But now as concerning the Mat 
of the rcit of the Plancrs, Firit, The Arch of the Planct in the Ecliprick, t: 
trom the vernal Interſection, or the point of the Spring-guinex, to the Af 
ding Node, is the Longitude of the Node, whiclr is always cqually increaſed ir 
other Planets, but in the Moon it decreaſes equally, becauſe the Nodes of the V 
| £0 backward. S:condly, Morcover trom the Atccnding Node are reckoned 1! 
:cliptick god, and from thence to the Pole of the Ecliptick is drawn the Circ. 
che greateſt Inclination. For as the diſtance of the Sun from the Equator 1. 
greareſt 1a the beginning of Cancer and Capricorn, which is god diſtant from «' 
A quinoz, and is called rhe greatelt Declination : So the greateſt diltance of cy 
Planet trom the Ecliptick, confider'd as from the Sun, happens in the Nort 
or Southern Bounds of the Planers Motion, which are hath god diſtant from e; 
Node, and ir is called the greateſt Inclination. And now from the Aſcending No 
trough the Northern Bound, is drawn the Orbit of the Planct to be concciv'd 
the Firmament, in whoſe Plane is afterwards delincarcd the very Track of the PI. 
nct, as it goes about the Sun, which isalſo call'd more properly the Orbit of the Pl 
net. Thirdly, The Arch chat is reckoned from the Afcendent Node to the Apb 
lion, ( or place of the Planets fartheſt diſtance from the Sun, ) when added to tl 
Longitude of the Node, gives the Longitude of the Aphelion from Aries. And rhoug 
thele rwo Arches be taken and compurcd in diverte Circles, the firſt in the Ecliptic 
trom Ares to the Node, and the ſecond in the Orbit of the Planer, that incline 
upon the Ecliprticx , from the Node to the Aphelicn ; yer fecing both the Moti 
Ons are regular, one Motion may be compounded of them, which may alto bc re: 
gular, to wit, of the Aphelion from the Aquinix: For a Regular addcd to a 
Regular produccs a Regular. 4 Laſtly, trom the Aphelicn in the Orbit of the 
Planet (underſtand here always that Orbit which is drawn in the Sphere ot the 
fixed Stars ) to the Linc of the Middle Motion, is the middle Anomaly, bur to the 
Line of the true Motion is the cqualiz'd Anomaly, which being added in the firſt 
Semicircle to the place of the Aphelion, and lubltraited in the larrer, it givcs the 
Heltocentrick place of the Planct,. ( or the placc it is in with reſpect ro the Sun 
when taken tor the Centro) which is atterwards to be broug/)1t to the Ecliptick, anc 
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Iv, That Point which is found by the Circle of Inclination, that is drawn 
through the Place in the Orbit. 
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CH AP. XVI. 


Of the Motion of Reflexion of the Earth's Axle, and of 
the Declination of the Sun that ariſes from thence. 


N Figure XXX. let the great Circle 4 S = w be the Ecliprtick of the Firmament, Figute 
] whole Southern Pole a, let it be conceiv'd to be turn'd ro us, who are ſupposd yy YN. 


to be without the Firmament at an infinite diſtance, while the other the Northetn 
Pole is hid behind it in the other Hemiſphere. Now this Ecliptick ought to be con- 
ceiv'd to large, that the whole Orbit of the-Earth b cd e, with reſpect to it, may be 
con{ider*d as no more but a Point or Centre; which, fince it cannot be expreisd in 
a Scheme, is to be ſupplycd by the Fancy. Now the Colure of the Solſtices is here 
caſt into a right Line 5 a w. In the Plane of the Ecliprick is delincated the Orbir 
of the Earth, going forward in its yearly Motion from b to c d e, dc. and that fo, 
that che Plane of the Earth's Ecliptick, or of the lefſer Circle y S = w does per- 
petually remain in the Plane of the greater Circle, Y S = w; ( not mentioning at 
reſent the Earth's daily Motion about its own Axle: ) And all the Signs of the 
rth's Ecliptick do each of them conſtantly remain under thoſe particular Signs of 
the great Ecliptick, which bear the ſame Names, and are never ſeparated from one 
another, though the Earth's Centre be carried about by a yearly Motion ; bur by 
a certain magnetical Power every Sign is kept in the fame Situation by the Sign 
of the ſame Names: Therefore & b w, & c w, &c. will repreſent the Earth's Sol- 
ſtitial Colure, which paſſes chrough the Southern Pole of the Earth's Ecliptick, that 
is turn'd towards us, b, c, d, 4c. and is alfo hid by the Northern behind b, c, d, dc. 
and likewiſe through both the Poles of the Earth's /&quator, wiz. the Southern, which 
is turn'd to us in p, and the Northern, which is placd in 0 in the Hemiſphere, 
that is turn'd from us. But if from the Poles ot the Earth's Ecliptick, namely, 
from the Southern one b, that is turn'd to us, and from the Northern one, which 
is hid behind b, be taken on cach tide the Diſtance of 23* : 3; And if there be two let- 
ſer Circles underſtood to be deſcrib'd of that Interval about both the Poles of the 
Ecliptick, the one m no p, and the other that which lies hid behind ir in the He- 
milphere that is turn'd from us : Then ( if from the Centre of the Earth there 
g0 out on cach fide a Ray to the Circumference of the ſaid lefler Circles, fo that 
the two Ravs be extended ſtreight forward into one Diametre; and the middle 
Point of that Diametrc being fixt in the Centre of the Earth b, if the ends of 
the Diametre be carricd about in the Circumfefence of the letler Circles m n op, arid 
that which lies behind it,) there will be detcrib'd by the Diametre the Surface of two 
Cones, whoſe tops do come into a Cone in the Centre of the Earth, bur the Baſcs 
are the Planes of the lefler Circles laſt mentioned, in whoſe Circumterence the Ends 
of the Diamctre were carried about ; moreover the Plane of the Circle of Illumi- 
mation that is caſt upon the Right Line m n, does divide this twofold Cone in the 
Middle. For wherelocver the Farth is in irs Orbit, the Ray that comes from the 
Sun 4, to the Centre of the Earth b, c, d, &c. will be perpendicular to the Plane 
of the Circle of Illumination m », and this ſame Plane mt n does divide equally both 
the twofold Cone and its Baſes m n v p, and that which lies behind ic. And now 
theſe being thus ſuppos'd, when the Earth is in b in the beginning of Artes, the Axle 
of the /E;uator o b p, that extends it felf from the Northern Pole o, ( which is turn'd 
away from us, ) through the Czntre of the Earth b, to the Southern Pole, ( which 
1s turn'd to us, ) does then fall upon the Plane of the Circle of Nlumination, in 
which the Axle op is plac'd for a time. Here therefore, ſeeing the Circle of H- 
lamination paſſes through both the Poles of the Farth, it may be eaſily imagin'd, 
that both the #quator, and all irs Parallels that are to be gdelcrib'd by the daily Mo- 
tion of the Earth, mult be cut in rwo by that ſame Circle of Hluminarior , and (o' 
tat every Point of the Earch does fn daily Motion make one Semicircle paralle? 
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to the Equator in the cnlighten'd Hemiſphere, and another in 1130 dark, that is, 
that there is an apparent Equinox throughout the whole Worty. Farthermore. 
the Rav a þ at that time does pais over the Plain of rae Equator, when ir js 
perpendicalar to the Aquater's Axle op. And whatſoever Line is perpendicular 
ro the Axle, and paſſes through the Centre of the Earth, the ſame is plac'd j1 
the /Xquator: For the Equator it telf is made up, as I may lay, of innumerable 
Lines, perpendicular to the Axle, that procced on all ſides trom the Centre of 
the Earth. And the fame will alto happen, when the Earth is under Libra jn f. 
But under Cancer the Earth being in 4,. the Plain of Illumination m n, Is bord 
through obliquely by the Axle 9p, which touches the {1de of the twofold Cone; 
and therefore the Northern Pole o, for inſtance, docs mount above rhe Plane of 
the Nlnmination m =, 23 degrees and '. - You will lcarn this better from Scheme 
XXXI1. which agrces ſo far with Scheme XXX. that that . which this doe 
expole to the Eye dirc&ly, that other exhibirs ro be ſcen on one t1de, and on 
the contrary. Thus the Ecliprick, which in Scheme XXX. appcar'd in a whole 
Circle, in Scheme XX XI. is catt into a right Line S 7 2, Which 1s to be under- 
ſtood as well of the great Ecliptick, as of the Ecliptick of the Earth. Anq 
again, that which in Scheme XXXI. appears -a whole Circle, namely, 
the Colure of the Solſtices S a w; that in Scheme XXX. 1s caſt 1nto a right 
Line. Therefore I now ſay in Scheme XXXI. that s p the Axle of the Earth, 
when under Cancer, do pats obliquely through the Plane of the Circle of Illumi- 
nation 9 y, and the Northern Pole o does mount above the Plane of Illumination 
q y, the quantity of the Angle o 7 g, 23* :, which degrees arc meaſur'd by 
the Arch go, which is that portion of the Colure of the Solftices 9 0 S, that 
lies between the Poles of the Ecliptick y, and of the Aquater 0. For it is worth 
noting, that the Circle of Illumination docs always pals through the Poles of 
the Earth's Ecliptick ; which is evident from Scheme XXX. whercl made y, s, 
=, w, the Earth's Ecliptick, and its Southern Pole bc 4, &c. behind which, both 
the Northern lies hid, and alſo the Planc of Illumination m n, Which always 
goes through both Polcs. Now returning to Figure X X N we ſhall 
find * that the Ray, which joins the Centres of Sun, and of the Earth Y S, 
docs go through the Earth's A:quator g9 279, with the ſame obliquity of Anglc 
w YT 270, with which the Axlc o p, did ally» make an hole through the Plane 
of Illumination 4 y ; and that thc Declination of the Sun, (which under Aries 


is none at all, the Ray that goes throvgh the Centre, paſting jult over the Plane 
*' For as much as the Axle of the 


of the A-quator, ) is now the greatelt, wiz. 23? 2. 
Earth o p, does riſe higher than the Plane of Illumination 4 yz juſt ſo much 
docs alſo the Ray that joins the Centres Y w y, rite above the Plain of the 
E7uatcr 95 270, that is, the Sun declines juſt fo much from the Equator. 

For the Circle of Illumination, and the AZjutor, are the greatelt Circles of the 
Terreſtrial Sphere ; and to thelatter of them irs own Axle is Perpendicular, and 
to the former, the Ray that joyns the Centres ; and conſequently both theſe be- 
ing Perpendicular, each of them will tind the Poles of its own Circle in the 


Surface of the Earth. Why therefore may not the Pole of the /Xuator o, be as 


far diſtant from the GQircle of Illumination 7 y, as the Pole of the Circle of Illu- 
mination w, 1s diſtant from the Equator 99, 279? For the part 4270, which is 
common to both, being taken from the Quadrants, ( or Quarters of the Circle, ) 
279, and g w, then 0 4, and 27 0 w remain equal. It will be profitable to-remem - 
ber this hercatter. And there is alſo the ſame reaſon, when the Earth is under » : 
Bur the Earth bcing out of the Cardinal Points for inſtance in c, in Scheme XXX. 
the Pole o is then allo aboye the Plane of Illumination wm 7, but not all out 23]. . 
which that it may be the more readily undcrſtood, I will firlt of all explain the 
Motion of Reflexion, ſecing we have now all things rcady ' that belong to ir. 
Imagine therefore the Plane of Illumination to cur both the Bales of thc double 
Cone; and call the common Section of the Plane of Illumination, and of the Ba- 
{is of the Cone, the Fifſure of the Batiss Now the Northern Pole of the Earth o, 
1s always in the top of the Baſis that is turird from us, and the Southern p is al- 
ways in the botrom of the Batis that is turn'd ro us: *Tis plair# then, that the 
Earth being in þ, the Pole o falls upon the Fifſure m2 », of the Batis that is turn'd 
away; the Earth being inc, the Pole o has left the Fiſſure m of the averted Baſe, 


the ſpace of the Arch » o; the Earth being in 4, the Pole 0 has now lett the Fil- 
"ure 
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fure 1, a Quarter of a Circle » 6; the Earti bcing 1n e, the Pole o has now let+ 
the Fiflure m n, more than a Quarter, namely, tae Arch #0; and ſo the Arch » 9, 
(which is to be computed contrary. to the order of the Signs y, S, =, w,) will 
increate on more and more, till by that Morion of Reflexion of the Pole 0, 
moving all along more and more trom », contrary to the order of the Signs, 
docs at laſt go its Round, the Earth being carried about through f @ h 7, into 6, 
where the Pole © is again join'd with the cnd of the Fifſure =. "The ſame may 
be imagin'd of the Southern Pole p, the end of the Fiſſure of che Balis, that 15 
turn'd towards us, dcparting likewite morc and more trom m, contrary to the 
order of the Signs, till the Earth being return'd into b, the Pole p, and the end 
of the Fiflure be join'd again. And this is the Motion of Reflexion, as Coperni- 
cus call'd it; by which it comes to pals, that the Axle of the Earth always con- 
tinues in the ſame Paralleliſm, with the Fibres or ſtreight Lines of the groſs or 
thick Axle of the Ceeleſtial Ayuator, detcrib'd in the XVI. Chapter. 

For neither is it ro be conceal d, I hat that flow Motion ( by which in Scheme 
XXXL. the Axleof the Curleſtial Ayguaror O P, docs with the end O, for inſtance 
deſcribe the Circle O 7, about the Pole of the Ecliptick Z, of which alſo I made 
mention in the XVI Chapter, that that ſlow Motion, I fay, docs likewilc aticct 
the Earth's Axle o p, which, as I faid, docs always keep the ſame Parallcliſm 
with that thick Axle OP. 

For thence it is, That ih Figure XXX. the Pole of the Earth p or 0, do not 
in a Sidereal vear, run all out through the whole Circle » o mp; but only reaches 
every year a Point 51” on this fide; namely, juſt ſo. much as the Axle declines 
from its paralleliſm in the ſame ſpace of time. Now therefore. ſecing ris evi- 
dent, that for example, the Pole o docs ſometimes fall upon the Fiflure m n, and 
that the Plane of © =: Hoprlghs is the cauſe of this, and ſometimes it is more elc- 
vated : It may therefore be delir'd to be known, how great in every moment is 
that Elevation or Eminency of the Pole o, above the Plane of Illumination, 
and its Fiſure m n. We muſt know theretore, that the Motion of Reflexion, 
or the Atch » o, when the Earth is for inſtance in c, is always equal to the Mo- 
tion of the Centre of the Earth in the Orbit, or to the Arch b c. For ſeeing 
the Diametre of the great Ecliptick > a wp, is always parallel to the Diametre 
of the Earth's Ecliptick & c , and the Ray ac which joyns the Centres, does 
always fall upon theſe parallels, 'tis plain, the Alternate Angles pc a, and c ad, 
are equal, wheretore alſo thcir Complements p cm, (orocn) and c ab will be 
equal. Therefore there being given the Arch » o, equal to the Arch-bc, there 
may be found no Perpendicular o s, that falls from the Pole o, to the Fiſſure m n, 
by ſaying: As the Ray is to the Sign of che Angle oc n, fo isc 6 the Sign of 
2P 2, t00s, the Signof the Elevation, or Eminency of the Pole above the Plane 
of Illumination, to which is equal the Eminency of the Ray ac aboye the Ayua- 
tor, or the Declination ot the Sun, which 1 willd you to remember from 
what went before. 


CH AP. XVIII 


_ Of the Seaſons of the year, and the Change of Days 
and Nigbts. 


OW it happens, that when the Earth is under Aries or Libra, there are equal 

A 4 Days all over the World, I have cxplain'd in the foregoing Chapter: Now 
in Figure XX XL. let che Earth be under Cancer, the Ray of the Sun vr w x, 
falls dire&ly upo! the Tropick of Capricorn vs u I, one Point of which after ano- 
ther, as the Day gocs on by lictle and little, will meet dire&ly with the Sun, which 
conlcequently will be Vertical ro every Point in order. And feeing the Circle 
lumination 15 Jy, dividing the Tropick of Capricorn into the greater w u, 
and u ! the le; *tis plain, that all the Points of this Tropick are longer in de- 
!cribing the greater part w u by their daily Motion, than in the lets « /, _ is; 
they 
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they ſtay longer in the enlighten'd Hemitphere, than in tae dark one; andſo 
in them, the Day is longer than the Night. And by how much any parallel is 
the more diſtant from the Equator go 270, towards the Southern Pole p; to much 
the more uncqual will irs Divition be, and the greater part will be cnlighter'd 
and the Day tor that rcaſon will bc the longer ;, till you fce the Anrarctick ns 
wholly withdraw it fclf trom the dark ao” rmmgg- and in all its Revolution 
remain in the Light, with all the Southern Zone x p y included in it. And 
ſince *tis clear from Scheme XXX. that the Southern Pole p, the Earth bein 

under Aries in b, begins to decline from m n, the Plane of Illuminations, and to 
depart from the ſame, inclining towards the Sun a; while the Earth is in de, 
that is in the Northern Signs, where you ſhall always hind p plac'd between m » 
and a: You may therefore calily underſtand, that all that time, the Southern 
Pole remains turn'd towards the Sun; as on the contrary, 0 the Northern Pole 
at the ſame time remains turn'd from a the Sun, beyond the Plane of Illumina- 
tion mn; whence it muſt needs come, that the Pole p mult be 11x whole Months 
in the Light, while the Pole o is hidden with darkneſs. But on the contrary, 
while the Earth goes through the Northern Signs from f through gh, evento 5; 


the Northern Pole o is turn'd to the Sun a, on this tide, the Plane of Iuminatioq - 


mn, bur the other p beyond m n.is hidden ; whence by way of alternate change, 
the contrary will happen, namely, a day of Six Months to the Pole o, and a 
night of as many Months to the Pole p. Let us, return now to Scheme XXX, 
that we may tinilh this whole Speculation. The Earth being under S, I ſaid, 
the Tropick of Capricorn vw ul, in its greater portion Capricorn u, and the whole An- 
rartick x y, is in the enlightend Hemitphere 7 w y. Bur on the other fide, there 
you ſee the Tropick of Cancer k t S, 1n its leffer portion, and the Arttick q p, 
to be in no mealure enlighten'd by the Sun, that 15 placd in the Centre of the 
Ecliptick behind y, and fo that every point of the Tropick & S, is longer in 
paſſing through the greater portion z S 1 its daily Motion, than in paſſing through 
the leſs k t, thar is, it is longer in Darknels than in Light. But again, the Earth 
being plac'd under w, the Ray of the Sun y, S, Y, tallsdire&tly upon every Point 
of the Tropick of Cancer St k, as it mcets with them one aftcr another; and the 
greateſt part of it S t, and fo the whole Artick 7 w, with the Northern Frigid 
Zone 49 0 w, that arc included in it, arc in Light; while on the other fide, the 


greater part of the Tropick of Capricorn » u, and the whole AntarCtick x y, with the - 


Southern Frigid Zone x p y, that is included therein, are in Darknels. 
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Of Equation of Time in the Syſteme wherein the Farth is 


ſuppos'd to move. 


N Figure XXXIlI ler there be a proicftion of the Copernican Sphere, the Eye 

being ſuppov'd: to be plac'd in the Axle of the World, and looking at an int- 
nite ditfanck dirc&ty upon the Southern Pole of the /&guator, rhe Aguator will 
2ppear as a Circle, whoſe third Quadrant or fourth part is = 270, . and the Eclip- 
tick will fall into an Oval Figure, whote. Quadrant let = 1y be ſuppogd to be. 
Let © be in the Centre of the Sphere, and in the Fcliptick let the middle place 
of the Earth be mark'd in M, -and the true place in V. For nothing hinders, 
but we may a'ivance the Earth out of its true Orbit, which it has in the Region 
of the Planets, according to the Line of its middle and true Motion to the very 
Firmament, if fo be it be but. unccri{tood, ro move there in its daily Motion about 
ns own Axle, juſt after the ſame manner as betore. And in this mean 
While 'tis plain, that the Earth's Equator, as allo that of the Heavens, 
ts calt into a Circle, and all the Mcridians, as likewiſe the Circles of Declination, 
do appear as it were Right Lines. Therefore the Circle of Declination will be 
drawn through V, the true place of the Earth, and will be the Line © V ", 


matKing in r the Right Aſcenſion of the Earth. Farthermore. in the Cojurcot 
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the Solſtices © vw 272, the leſſer parallel Circles frawn through M and V, that 
1,t COU! rhe middl- and truc place of thc Sun, will reduce them both to the /Fqua- 
tr; ro Wir, to the Points m and », which, ate as far diitant from =, as M and V 
are: And io m will be the Feigned Earth, which, in like manner as the Feigned 
q@m in the third Chapter, is to moderate the ws hou or Aſtronomical T ime, 
is Yearlv as well as daily Motion, being ſupposd to be as regular as is poſſible. 
And the Regularicy of the yearly Motion is perceiv'd, itthe Ceutre of the feign- 
od Earth m bc ſupposd ro move every day the fame tpace in the Aquater = 270: 
but the Regularity of rhe daily Motion in this, that wherelocver the Earth 1s in 
: true Orbit, cycry Meridian of it always moves around in the ſame ſpace of 
time, to the ſame Paralleliſm with the Colurc of the Equinoxes = ©z Which 
Revolution would alſo reſtore again the ſame Meridian to the Sun, if it had 
no yearly Motion, and the Centre m would always be in the ſame Point of the 
X-uator. But now, while the Centre of the Earth is mov'd from = to m, 'tis 
not enough, that the Meridian o s, being carried abour by_its dajly Motion, 
ould return to the ſame Parallclilm with the Line = © : For the Meridian t u, 
which, when the Earth was in =, was directed towards the Sun, the Earth bei 
mov'd on to m, though it return to its Paralleliſm os; yet it is not as yer dircctc 
towards the Sun, till o s be carricd a lictle farther, ſo that it falls into the ſame 
right Line with Bm E ©. For juſt ſo much, as the Centre of the Earth has 
gone on from == to m, ought the Meridian 4 s, to go beyond the Paralleliſm 
that it obtain'd with t «, beforc it can fall in with Bm E ©, and be direQted to- 
wards the Sun ; ſince the Angles = © m, (or the Arches =m,)and B mo, (orsm ©,) 
are cqaul. VWhence it follows, that the daily Motion of every Meridian from Sun 
to Sun does amount to a perfect Revolution to the ſame Paralleliſm with =: @, 
and morcover to a portion of the {amc Revolution, that is equal to the Motion 
of the Earth's Centre, thart is to bc made from Aquincx, while that ſame Meridi- 
an rolls abour again to the Sun. But farther, let us ſuppoſe the true Earth, be- 
ing in the Ecliptick in the point: V, to have its Revolution about its own Axle, 
govern'd by the ſame Law of Regularity, as the teigned Earth in m; to wit, 
that any one Meridian of the true Earth V, which is once parallcl to any one 
Meridian of the feigned Earth m, will always remain | eng = to the ſame; which 
is likewiſe to be underſtood of the Earth, when plac'd by Fifion or Imagination 
in ary other Point, as for inſtance in M, r, », &c. And now trom hence 'ris cafic 
to underſtand the Fyuation of time, which 1s nothing elſe bur the Arch of the 
Equator r m, that lics between r, the right Aſcenſion of the true Earth that is 

lacd in V, and berween m, the tcigned Earth, and which is turn'd into Time: 

0 Which is equal the Angle r @ mM, Or that which is alternate to it, E m d, or B 
na. For when the parallel Lines A D, a d, « J\, do through the Antecedenr 
Signs, bring back again the Plane of the fame Meridian of the Earth, that is feign'd 
tobe in rm», yet it appears, that only the Meridian A D is direted towards 
© the Sun, from whom the other a d is as yet diſtant the Angle 4 m ©, and the 
Third « d, a orcater till, viz. 6 ©; whence it is, that when A D the Meridi- 
an of the true Earth V has rcach'd the Sun, the Correſpondent Meridian of the feign- 
& Earth « 4, has not as yet come to the Sun, and fo the true Noon-day does 
come beforc the Equable or Aſtromical one, the Angled m ©, or m @©r, or laſtly, 
the Arch m p, as I ſaid before. Bur here alſo, as inthe third Chapter, the Arch 
rm is always either the ſumm or the dittcrence of two Arches, the one of which 
5 the difference of the truc Motion of the Earth, and of its right Aſccnfion, and 
the other is the difference of the true and middle place of the Earth. So in this 
Example, the difference of the true Motion of the Earth = V or = », and of its 
right Aſcenftion = r, isr»; and the difference of the true and middle place of 

e Farth, is M V or my: Therefore now it from r , you take m », there re- 
mains the Arch of Equation rm; or if from the Angle « V C, you take the An- 
pleb VC, there remains the Anglc of Equation x V b. Or 4 Mm B, that 1s to be turn'd 
mo Time; which will bc che dittcrence berween the Apparent and middle Noon- 
day or any other hour. | 
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CHAP. AX 
Of Kepler's Hypotheſes. 


F-vin: thus explain'd the Spherical Doftrine of the Syltem, whercin the Eart}, 
L is ſupposd to move, the next thing to be done is, that I explain the Phenume. 
2a of the ſecond moveables by fit Hypotheſes in the ſame Syſtem. And here ] ſhall 
wave Copernicus's Circular Hypotheſis, as being too diſagreeable ; as allo the Circy- 
lar Hypotheſis of Lansbergius : And ſhall follow only the Elliptical ones, tince Kepler 
in his Commentaty concerning the Planer Mars, has ſufficiently proved, That ng 
other Orbits bur Elliptical will ſerve for the accurate and cxact Explication of the 
Motion of the Planets. Now the chick /hporbe/ſts among the Elliptical ones i; 
Keplers, who ſuppoſes the Sun to be placed in the lower Focus of che Elliptical 
Orbit of every Planer, and that by its rolling about its own Axle in about 27 days, 
it carries about the Planets that are plac'd around it, by virtue or torce of its Rays, 
as if it were by a kind of a Leavcr ; And thoſe that are nearer, tt carrics the 
more ſwiftly, and thoſe that are tarther off, the more ſlowly ; jult as a Leaver litrs 
up a weight that is nearer ro the moving power with the greater force. Whence 
it would have come, that, if every Planct always kept the ſame Diſtance from 
the Sun, it would move by a Motion that would be altogether regular : Bur ſeeing 
our Author does cenclude, that the Bodies ot the Plancts are furniſh'd with ma- 

netical Fibres, which with one end do tend towards the Sun, and with the other . 

o flce from it ; it follows that they ſometimes go farther from the Sun, and art 
other times come nearer, according as they turn their agreeing or difagreeing Pole 
cowards it. Whence it conſequently follows, that the Planer which goes farther 
off, is carried about the more flowly by the weaker power of the Sun's Rays, and 
on the contrary when it is otherwiſe: And all this in this manner and meaſure, 
that the Area, which the carrying Ray, that is extended from the Sun to the Pla- 
net, does bruth or paſs over, do increaſe equally in equal Moments of Time. In 
Figure XX XIII ler A be the Sun, and alfo the lower Focus of the Elliptick, let L 
be the other Focus, B the Centre of the Elliptick, and the Elliprtick it felt PEXTI, 
which the Planet moves in, in its Motion about the ,Sun. - Let there he a Circle 
drawn about the Sin PD X T. The Linc of the Aptes is extended through tic 
Focufſes A and L, and is X A LP; The A-helium 1s P, and the Perihelium X, 
and A Þ is the Eccentricity, and the length of it doubled is call'd the Diſtance of 
the Focuſes. The greateſt Diſtance of the Planer trom the Sun is AP, and the 
leaſt A X, and the middle diſtance A E, which is the Arithmertical middle te- 
tween AP and A X, and alto cqual ro the Semidiametre of the greateſt Elliprick 
B P; but the lealt Semidiametre is B E. If the Planct be in C, the carrying Ray 
will be AC, extended from the Sun A to the Bodv of the Planet. *Tis certain, 
that this Line AC, or the carrying Ray, does paſs over all the Area of the whole 
Elliptick, while the Planer returns from P through C EX 1, toP again, atter 
it has perform'd its whole Revolution. So while the Planet deſcends trom Þ in- 
to C, the ſame carrving Rav A C does paſs over, as it were'bruſhing or tweep- 
ing the Arca Þ A C, that lics between the Line of the Apſes AP. the carrying 
Ray AC, and the Arch of the Elliptick P C. Now I fav, This is the Law or 
manner of the Motio:1, that as the Fime of the whole Revolution, in which the 
Planer goes about from Þ go P, is ro the Time in which it deſcends from Þ into C; 
ſo alſo is the Area of the whole Elliptick PEXIP tothe Area P A C: So that 
the Times, in which the Planet C proceeds, and the Arca which the carry:ng 
Ray does in the mcan while paſs over, have each of them the ſame proportion to 
rheir ſeveral Inregers or wholes. And for this reaſon the middle Anomaly 1s not 
by X-p[-r expreſſed by an Arch, or bv any Angle, as it commonly is ; but cither 9 
Times, as rhete are three hundred and fixty parts of the whole Period or 
Revolution; or elic by rhe Area, ( for inſtance P AC, ) which the carrving Rav 
does paſs over,- as theſe are alto three hundred and fixry parts of the who'e 
Area PEXIP. For why may we not divide the whole Periodical Time, or th! 


whole Area of the Elliptick, as well as the Circumference, into 342 parts, Wie! 
we 
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we may afterwards call degrecs, and ſubdivide them into lefſer Parts > Why may 
we not alſo give the Name of Anomaly either to the Time, or to an Arca, as well 
ac to-Arches and Angles, ſeeing Names are given tO Things according to the plea- 
fare of their Inventors? And here, leſt ic ſhould ſeem difficult ro any one to hnd 
thc \"_4 or the AreaP AC, as it 1s a portion of the Elliptick; Kepler has 
tound out a Remedy tor this, by putting for a portion of the Elliptick P A Cthe 
portion of the Circle PAK; to wit, by drawing a perpendicular through the Pla- 
ner C to the Line ot the Apſes C L, ( which they call the ordinated Line ) and by 
continuing it to the Circumference of the Circle that is drawn in K, and by making 
ir AK. Now I ſay, Thar the pa:: of the Circle Þ AK hath the tame proportion 
ro the whole, that the part of the Eiliptick P A C hasto the whole Ellipeick ; tor 
the part of the C 1rcle PA K being divided into two parts, P L K, and K LA, and 


alſo rhe part uf the Elliprick P A C into rwo parts, P L C,and C LA , firſt the Area 


PK L has the fame proportion to the AreaP CL, thatK L hasto CL, or that 
DB hastoEB; and ſo the very ſame, that each of the ordinared Lines of the 
Circle have to the ordinated Lines of the Elliptick: For the Arca, as well of the 
Circle as of the Elliptick, is made up, as it were, of their innumerable ordinated 
Lines, which have been alrcady faid to have the tame proportion one to onother. 
Whence it {s, that not only the Semicircle P D X has the ſame proportion to the 
Semi-Elliprtick P E X, that D B has to t: By bur alto the whole Circle has the ſame 
tothe whole Elliptick, and the portion of the Circle PK L to the portion of the El- 
liptick PCL. And allo the Triangles K L Aand C L A bear the ſame proportion 
ro one onother, thar their Altitudes K L and C L do: And therefore the compogd 
Area PAK has the ſame proportion to the compoied Area PAC, that K L has to 
CL; or that the whole Circle has to the whole Elliptick ; And for the Surface 
P AC may be ſubſticuted the turtace P AK, if tobe ar the fame time for the whole 
Elliptick be ſubſtirured a whole Circle, which mult now be underſtoo.] ro repreſent 
the midd!e Anomaly, and is likewile to be divided into 369 degrees, as the Ellip- 
tick has been divided above. 

It remains now, that to every middle Anomaly, for inſtance, to the Surface 
P AC, we hnd our an agreeable Anomaly co-cquail'd to it,to wit, the Angle PA C, 
that lies between the Line of the Apſcs and the carrying Ray. Now this, neither 
Kepler, nor any other after hin, could ever find out by a dire& way ; yet we 
want not a way whereby it may be come to indireftly. For the Arch P K, which 
is cut by the Ling L CK, that is ordinated or dirced through the Planet, he 
takes to be of as many Degrecs as he pleaſes, and calls it the Anomaly of the Fc- 
\ centre, Then he tfeeks an agreeable Arca P AK, as the middle Anomaly, and alfo 
the AngleP A C, as the co-cquall'd Anomaly. Whence he after t ards in:ers, that 
ſeeing the Anomalics to found, as well the middle as the co-cquall d, do agree 
with the ſame Anomaly of the Eccentre, it cannot be but they muſt mutually an- 
{wer one another. Now the Method is this, Firſt, The Anomaly of the Eccentre 
'Þ K, is taken to be of as many degrees as you pleaſe, the middle Anomaly, 
that agrees with it, or belongs to it, is the Suriace P A K, that conliſts of two parts, 
PBK, and K B A. And the Arca of the Sctour P B K is the tame part of the 
whole Circle, that the Arch Þ K is of the whole Circumference ; bur the Area of 
the Triangle K B A is equal to the Altitnde K L, drawn into the half of B A. 

Now LK is tound, when fir{t B D, the Ray of the Circle, is known, whoſe Arca 
contain; 369, *ris found by ſaving, As 22 to 7, ( or as Z14159 to 109900) fo Is 
the Area of the Circle ro the Square of the Ray or Semidiamerre. Fhen you muſt 
fay, As the Tabular Ray to the Ray D B, lately fonnd, fo is the Sign PBK 
twKL. BuralſoBAis to be found in like parts, by ſaying ; As the greateſt 
Semi-liametre of the Elliptick of the Planet D B, is ( in parts of which che middle 
Diſtance trom the Sun is 109009 ) to the fame D B, as a Ray of the Circle that 
contains an Area of 360? ; fo is AB, the Eccentricity, tothe ſame AB, which an- 
lwers to the Arca of the whole Circle 360. And then again, for finding the co- 
equalfd Anomaly, viz. the Angle P AC; firſt in the Friangle K B A there are gt- 
venKB, BA, andthe Angle P B K, whence alfo will appcar the Angle BAK. 
Bur tarcher, as D B, the greateſt Semidiametre of the Elliptick, is to E B, the leaſt Sc- 
midiamerre;- fo is K L, the Tangent of rhe Angle K A L, newly found, ro CL, 
the Fangent of the toughr-for Angle P AC. As for Example : In Mars let the 
Anomaly of the Eccentre Þ K be ſupposd to be of 60? : let the middle Anomaly 
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that anſwers it be ſought after, iz. the SurfacePARK ; and alſo thc CO-Cquali'd 
Anomaly, the Angle Þ A C. Our of the Kudcdphin? Tabics, which are addcg 
at the Jaiter cnd of this Book, there is given the Log. of the greateſt Diſtance of 
Mars from the Sun, 4.22131, and its abtolute Number 16646 1s the very AP : $9 the 
Log. of the leaſt Diſt. is 4.14060, whoſe Abſolute 1392315 A X.A P—AX=AL 
— 2822; therctore A B—1411.5: Therctorc allo AB+FAX=Þ X=— I 5234.5. 
In the Triangle BAK arc given BK = 15234.5, BA = 1441.5, andPBKthe 
external Angle = 69*; there is found BAK = 55.615. Lhe Rule is; As the 
orcatclt Diſtance AP is to the leaſt AX So is the Tangent of half the Anomaly 
of the Ecccntre (3. e. the Tangent of 'P BK) rothe Tangent of ! X T<. Thar 
is, Always add c91929 to the Tangent of * the Anomaly ot the FEccentre; The 
Summ,the Semidiametre being ſubtracted, is the I angent ' X <<. Thenthe half 
of the Anomaly of the Eccentre + 1X T< = BAR. For the finding of the 


| leaſt Semidiametre B E in the Triangle A B Earegiven AB = 1411.53, AE— 


15234-5, and A B E the right Angle. There is found, Firſt, the Angle AEB— 
5-32. Secondly, BE = 1516g. T hen ſay, The Log. ot the greatelt Semidiame- 
tre 4.18283 pives the Log. ot the lcaſt Semidiametre 4.18cg6s ; theretore the Arti- 
ficial Tangent of the An 4 B AK newly found out, givcs the Artiticial Tangent 
of the Angle B A C, which is the very co-equall'd Anomaly 55.50. Or, alway; 
add 99g813 to the Tangent BAK, the Summ, the Semidiamerre being tubtratted, 
is the Tangent BA C. Then for the finding the middle onywye & Or the Sur- 
faceP A K, firſt, the Sector P BK is 60;, to wit, the ſame part ot the Area of the 
Circle, that the ArchP K is of the Circumfercence. Burt the Ray D B of the Cir- 


cle, whoſe Arca is 360”, is found by ſaying, 


Alſolute Numbers. Logarithms. 
As 314159 3-49715 
1S to I00099, ) .20000 
So is the Arca 360* 2.53033 
to the Square Root, 2.05915 
1.92958 


Therefore the Root, G&c. 
| | | Aexain : 


As the Logarith. of istothe Log. of Ec- So is the Root D B to the Eccentricity 
| tromthe Area 360” AB from 360 


the mid. diſt. CENtT ICITY E 
. 418283 b 3-14958 1.22950 1.9964}. 


And by taking away the Log. of two 0.3010} 


On — ——— 


T here remains the Logarithm. ! A B 1.69540: 
Farther : 


As the Tabular Ray is to the Ray from the Arca of 360, ſo is the SignP B K, 
toK L from 365” 10.00000. 1.92958 :: 993753. 0.96711. 

Taking away the firſt Term from the ſecond, there always remains 5.02958 
to be added. Laſtly, K L in! AB=tothe Arca KB A; and in the Logarithms 
0.96711 + 1.69549 = 0.66251. And tecing the firſt of the Components, namely 
©.96711 cquals 9.02958 + the Sign P B K ( as was juſt now aid ) the compounded | 
Number will be 0.96711 = 5.02958-+the SignP B K + 1.69549 = 1:.72498 + the 
Sign PB K. Wherctore for finding the Arca of the co-cqualizing lrg the 
prapomnys Rule is this : Alwavs add 1572498 to the Artificial Sign of the Anoma- 

y of the Eccentre, the Summ is the Lao of the Area KB A; which you 
muſt add to P_ B K, an Area of as many Degrecs, as the Anomaly of the Eccen- 
tre Þ K conliſts of, and you will have the whole ſurface P A K, which we call 
the middle Anomaly. 
| Now to the Logarithm of the Area K B A 0.66251 docs anſwer the abſolutc 
Number 4.5974, that is to be added tothe Arca P B K of 697, and there is made che 
Arca P AK 64.5974. | Po 

| n 
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And now from the middle Anomaly 64.5974 take the co-equall'd Anomaly 

found above - 5Jj- JO. 
There remains the Proſthaphereſis g. 0974. 

Alſo the Table of Equation of the Centre of Mars does give the ſame to the ſame 
middle Anomaly ; whence is manifeſt the way that all thoſe Tables of the Equari- 
on of the Centre were made. In this Hypethefis of Kepler ſome diſapprove only of 
this, That from the middle Anomaly, when given, he deduces the co-equall'd 
Anomaly only by an indirc& way ; commending at the ſame time both its ree- 
ment with the Heaven's, and the handſome way of demonſtrating Motions from 
their Cauſes ; which indeed Kepler valued ſo much, ( not without the Approbation 
roo of all candid Judges, ) that he choſe rather to follow an indire& Method of 
Computation, than to deviſe another Hypotheſis leis agreeable ro Nature : For 
they that obje& againſt Him an Ungeomertricalnels in the Hypotheſis, have nor yer 
ſoly'd his Problem ; and they ſeem to be deceiv'd, as if they believe, that eyen 
an indifferent Geometrician might not find out a way to folve Phenomena 4 priori, 
from their Cauſes ; except he had ſtudied that which was to no one's damage, bur 
was well approv'd by many, namely, to explain the natural Cauſes of the Mo- 
tions: 


But omitting theſe, I ſhall give you from Kepler the Dimenſions of the Orbs 
of every Planet, taken in parts, of which the middle diſtance of the Earth from 
the Sun 1s 190000. 
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[ | The Interyal. | 
Fn — — _ | m—_ | gummy como g_ —— — 
Aphelion. | Middle. | Perihe- | Eccentricates! 
| | _ 7, = - EE 
r Saturn 1005207 95 1000 | 896793 | 5 007] Offitch asthe Semidi- 
Jupiter |] 544701] 519659 | 494592 | 4822 | ametre of the Orb of the 
Mars 166465 | 152350 | 138235 | 9263 © Planer is 100000. Of ſuch 
Of 5 4 | _ 
The Earth | 101800 | 100000 | 98200 | 1 as Semidiam. of the year- 
Venus 72900 | 72400 | 71900 | 694 | Iy Orb is x00000. 
Tt Mercury | 46955 ; 


38806 | Jo657 | 2100 
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Nor muſt we conceal here the moſt admirable Theorem of the ſame Author, 
wherein he ſhews, that the Periodical Times of the Planets, compar'd with one 
another, have the proportion of one and an half with reſpe& to their middle Di- 
ſtances from the Sun ; that 1s, a proportion of a ſingle proportion, and half as much 
more : Or, which comes to the ſame, the Squares of the Periodical Times are as 
wa KI of the middle Diſtances, which ir may be worth our while to illuſtrate 
y an Example : 

The Middle Diſtance of the Earth from the Sun, to the Middle Diſtance of S2- 
wn, 1S as an 100 tO g5l. 


Hence ir is infetr'd, that the Periodical Time of Saturn is 29 years and 327 days- 
For as the Cube of the Number 100 is to the Cube of the Number g51 ; So the 
Square of the Number 1, ( that of the Earth's Revolution, or of one I ropical 
year, ) is to the Square of the Number 29 years, 327 days ; that is 

As 1000090 is to 860085351 : So is 1 to 860.085351. For the Numbers 
$60.085351 is the Square Root of 29.327. h 
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CH AP. XXI. 


Of the Hypotheſis brought by the Learned Seth Ward, 
D. D. afterward Lord Biſhop of Salidbury, and |y 
C. P. 


ba Figure XX XIV. s is the Sun, plac'd in the lower Fecus of the Elliprick ; f ;; 

the 7; 4.4 Focus of the Elliprick ; a the Aphelum, [4 the Perihelium, e the wandring 
Scar or Planer ; fe, or the Line parallel to nt, s m, 1s the Line of the Middle Motion 
of the Planer ; s e is the Line of the true Motion of the Planer, ( beheld from 
the Sun; ) the Angle aft is the middle Anomaly, increaſing equally in equal 
rimes ; the Angle as e is the co-equalld Anomaly ; fe t is a right Line, ex —z , 

'Tis now purpoy'd to be ſhown, how from the Middle Anomaly, when giyen 

or from the Angle a f t, the co-equall'd Anomaly may be drawn, or the Angle as c 


The Demonſtration. 


Of the Triangle s f e the three ſides 5 f + fe Þ es = 2 45, according to the Na: 
rure of an Elliptick Figure. ; 


> toy as=8 Cries F 
nd by putting þ s for a f, !is made | 
Ng pooh ap yo 5 3 
' Therefore by «, and f, and Ax. 1.5 fÞ fe es=as + ps +fs; And ta: 
king f frotn both ſides, there remains fees —as+þs; 
 - And punting er for e s, by way of ſuppoſition, there is madefe+et (i.c.ft) 
==4I$ @ 3 7 8 | 
Again, as —af=f s. | 
A:.d putting p s for af, there is made 
as—ps=fs. Hh : 
' Now therefore in the Triangle s ft there are given two ſides, s f and f t, with 
the Angle comprehended in them, s fr. | 
Forft =as ps by Y 
And fs=as—ps byd 
And af t is the Middle Rewetaly, which Angle being external to the Angle s ft, 
it is o_- ro the two internal and Peran Anglesft sand fs t, that is, the Anglc 
$ 


a ft is Z <<of the unknown onesft sand f s t. 
. Now by the Trigonometrical Rule : 
THEXEHIZE<ELXEESs; thar is, 
ft+fs. ft—fs::1: ofthe Angleaft. t! XX<frsandfst, 
| at is by Incerpreration, | 
24 5.2þs::t ofthe Angleaft . t* of the Angle fse <[: 
= += BA bY C Add firſt, and then ſubtraQ, and there is made 
a =2 Js 
—=frt—fs=2Þs, therefore 
IZz=as, and 
Again, X<<fstandfrs—=fst—fts, 
nd by purting e s t for f t s is made 
RRE=fbs—est=fsc, | | 
T hereforet 2X <<=t + of the Angle fse, : | : | 
And therefore alſo 2 Z Il. £ XII. : : 14 FE! X << Thar is, by 
*ds. ps:: t x of the i i a fr.t 3 of the Angle fs e,. which 1s a perpetual Rule 


for finding out the firſt Incquality of the Planets; and ir is cxpreſsd in _ 
iſtance of che Planct to the Peribelian Diſtance 3 1o 15 Me 
| Tangent 


thus : As is the Aphelian 


re Ao 


part |.  TheTheoyof the Planees. 


Sn fe . _—_ 
Tangent of half the middle Anomaly, to rhe 'i agent of halt the co-equate Ano- 
maly. And becaule the diſtance of the Planer, as well Aphelian as Peribelian, is 
ly the ſame, *tis plain, the two firlt Terms of the proposd Analogy arc 
always the ſame, to wit, in the Sun, for inſtance rheſe: | 

The Logarichm of the Earth's greateſt diſtance 4.00775 

The Logarichm of the leaſt diſtance 3.992iG. 

Whence by the Rule of Proportions; the ſecond being divided by the firſt, or 
in Logarithms, the firſt being ſubtracted from the ſecond, there remains a num- 
ber, that is always to be added ro the third ; and that number which is to be 
added, will be always the ſame; becauſe the. two firſt Terms of the Analogy, 
by the Subtra&ion of which ir ariſes, are always the ſame. 

As for Example in the Sun, the firſt I erm 1s 4-00775 

Let it be ſubtrafted trom the ſecond, - 3.99216 

And there always remains the number that is to 

be added to the third, 9.00441. | 

$o for the reſt of the Plancts, the Numbers that are always to be added are theſe : 


3441 
99044 | The uſe of this Table is this: 


91922 & Add the Numbers always to the Artificial Tangent of half the 
999490 middle Anomaly, the ſumm will be the Artificial Tangent of 
901477 half the Co-cquate Anomaly. | 
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Nor was Kepler ignorant, that this Inconvenicnce would follow the making 
an equable Motion about the upper Focus: For he faid in his Epitome, thart ig 
might be almoſt fo taken; bur that almoſt was of ſuch extent, that he thought it 
better to let ir alone. | 
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CHA P. AXAXlk 
Of the Limitation, which Bullialdus made to the forego- 
img Hypothelis. 


N Figure XXXV, let 5 again be the Sun, placd inthe lower Focus, f the up- 

per Focvs, c the Centre of the Elliprick ag þp, and of the Cirde chat 1s dtawn 
about ir, a L p, a the Aphelion, p the Perihelion. Ler the Line of the middle Mo- 
tion be carried uniformly abour rhe upper Focws f, as in the foregoing, and let it 
be fe, / 5+ | E, ) but with this difference, that whereas the Planet was betore in 
the 1.:;ic ot the middle Motion, where it cuts- the Elliprtick Orbit, to wit, in e, 
(or E:) Now it is in the right Line f m, ( or f M,)) drawn from the upper Focws f, 
to theend m, (dr M,) which the Ordinated Line » m, (or N M,) that is cx- 
tenie through e, (or E) the common Section of the Line of the middle Mo- 


e 
tion and of the Elliprick, does reach the Circle: For where this Right Line fm, 


(orfM,) cuts the Elliprick in «,-( or E,) there let the Centre of the Planct be 
lupposd to be placd. Farther, from the Planer in «, (or E,) to each Focus 
let there be drawn the right Lines « f, « s, (alſo Ef, « s,) and alſo from che 
lame Point, let a Line be drawn patallel co the Line of the middle Motion, 242. 
bo, parallcl roef, (and £0to Ef-) FT he 
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The thing now proposd, is from the middle Anomaly when given, or from 
the Anple afe, ro find the Co-cquate Anomaly, or the Angle fs«: Therefore 
is firlt ro be found the Angle a f m, which Bullialdus calls the middle true Ang- 
maly. Now, as the leaſt Semidiametre of the Elliptick c 9, 1s to the greareſt c L; 


foisneton m; fo alfo is the Tangent of the middle Anomaly a f e, to the Tan- 


vent of che middle true Anomaly a f m. | BS as 
And now the Angle a fm, ora f« being found, which is External tothe Ty; 


angle fs £, fs« is found by che ſame Analogy, as in the foregoing Chapter, þ 
oh. bu $ « of the Angle a fe . t 3 ot the Angle fst. | OY Y 
The found Angle fs+ is taken fromaft, and there remains fe s. Then 
the Sign f+ 5 to fs; ſo is the Signafe,(orsfs,) to 5+ the diſtance of the Þ 
nct from the Sun. 

Now the ditference of the middle Anomaly a fe, oraot, and of the CO-equate 

s£, iss£0, and is call'd the Profthapherefis. And now by this Limitation, Bul- 
lialdus has brought it to paſs, that from the middle Anomaly might be gather 
the co-cquate 4 Priorz ; and alto that at the fame time the Computation thould 
anfwer the Obſeryation, which in the Elliptical Fhjcihefts no one ever did be- 
tore him. | 


as 
la- 


C H A P. XXll. 
Of finding the Geocentrick place of the Planet. 


Hs been hitherto in explaining the firſt Incqualiry of the Planets, I come 
now to the ſecond : For by what goes before, is found the place of the 
Planet, as ir would be ſeen from the Sun, if our Eyc was there plac'd, and is 
call'd for that reaſon, the Heliocentrick ſace of the Sun. Bur now ſceing the 
Stars or Planets that are wheel'd about the Sun, do appear to us on Earth in 
another place from what they would, if look'd upon from the Sun ; there hap- 
pens to the Planers a ſecond Inequality, not that therc is really any ſuch thing 
in their notions; bur becauſe the yearly Motion of the Earth ( z e,  ) the Mo- 
tion of our Eyc ſeems to be in them ; Wohercforc this ſecond Inequality is pro- 
& Paraſlazrs of the Orb, (underſtand it of the Earth's yearly Orb, ) 

auſe it ſolely depends upon the moving of the Eye, from the Centre 
of the univerſe, ( the Sun ) and the place of the Planet that is ſeen from the 
Earth, 1s call'd the Geocentrick place; and it ſeems to be an uſeful diſtinCtion be- 
tween the Line of the true, and the Line of the Na rn; Motion ; that the for- 
mcr is drawn from the Centre of the Sun, through the Centre of the Planet, 
but that the latter is drawn from the. Centre of the Earth, through the Cen- 
tre of the Planet roo; yer that cach of them is continued to. the very Firma- 
mcat. The Reaſon of the name may be, becauſe the place that is ſeen from 
the Sun is come to, by the true and proper Motion of the Planet; but that 
which is ſeen from the Earth, is owing to no other than an apparent ſeeming 
Motion. But now before rhe Geocentrick place of rhe Planet can be found, 
we mult firſt bring its Heliocentrick place in the Orbit to the Ecliptick, which 
is done by the help of a Spherical Triangle, thar lies berween the Node and the 
Planet in the Orbit, and the Point, which the Circle of Inclination, drawa 
through the Planct, does fi:d in the Ecliptick : For tlic difference berwcen the 
Hypoteneuſe, or the ſubtended {ide of this T riangle, and: the greater Leg or ide, 
is the very Reduction to the Ecliptick; and the lefler Leg of the fame Trian- 
glc is call'd the Inclination. Then the diſtance of the Planet from the Sun 1s to 
be abbridged, which is done by the help of a certain Plane Rectangular Triangle, 
that lics between the Sun, that is plac'd in the Centre of the Sphere, and the 
Planer in irs Orbit, and chePoinr, which a Right Line, falling perpendicularly from 
che Planer upon che Plane of the Ecliptick, does at length reach to: For the 
p_ Leg of rhis Triangle, (ro wir, the Line that is drawn in the Plane of the 
liptick, trom the Sun to the very Point, which it finds whea it falls perpendi- 


cular, ) isthe very abbridged diſtance of the Planer. N 
OW 
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Now rneretore to hnd out thc Grocentrick Place of ti.v Planer, we ought to have 
rear, 1. The true Place of the Sun. 2. The Heliocentrick Place of the Planer. 
> The Diſtance of the Earth from the Sun. 4. The Abbridgcd Diſtance of the Pla- 
"et ITO £0 Sun, And being turnitd with theſe, we conceive a rectilinear Tri- 
avgle in the Planc ot the Ecliprick, between the Sun, the Earth, and the Hebocen- 
trick Place of the Planer in the Ecliptick. As for Inſtance, in Figure X XX VI. ler 
She the Sun, 1 the Earth, E the vwandring Star or Planer. And let there be gi- 
ven, Firlt, The true Place of the Sun ſeen from the Earth in the Linc T SV in 
122 ng. Secondly, The Heliocentrick Place of the Planer in the Ecliptick, ſeen 
from the Sun in the Line SEH in 22% ». Thirdly, The Diſtance of the Earth 
from the Sun S T, in Log. let it be 3.99255. Fourthly, The Abbridged Diſtance 
of Jupiter trom the Sun SE, in Log. 4.725821. *Tis now propogd to us, from theſc 
thinos given to find out the Geocentrick Place of the Planct, that is ſecn from the 
Earth in the Line T E G. 


w__ 


r. From the true Place of the Sun 55 12” 
Take away the Heliocentrick Place of the Plance xr 22 


There remains the Angle to the Sun V S H 3. 20 
Now therefore in the Triangle S T E there being given the two tides $S T and 
FF, with the extcrnal Angle V S H, which 1s BY ro the S1mm << of the uns 
known ones ST Eand SE T; the Angle $ TE is thence fought for, which is 
calld the Angle to the Earth, lying between the Line of the true- Motion of the 
Sun T $ V, and the Line of the Apparent Motion of the Planet, T E G. 


The working of it 1s thus : 


S FE 4.72821 | 
ST phone Subtrat. 


Prefixt to the remainder 1, there is made 10.73566, which is the Artificial Tan 
gent 79* 35', whence there being 40? taken away, there remains 34> 35'. The 
Artif. Tang. of which is 9.83850. Then the halt ofthe Ang. V SH 55 00 

The Tangent is 10.15477 
The Summ,the Root being deducted, is #9.99327 The Tangent of the Arch 44 33 


The Summ of the Arches 3J 
is the greater unknown Angle S T E, which is call'd the Angletothe Earth. T here- 
fore the Apparent Place of Zupiter is on this {ide the true Place of the Sun in the 
Angle $ T E, or degrees 9g? 3}/. | 

For take from the true place of the Sun 5s 122 oof 
the Angle to the Earth — 3 00 33 


And there remains the Geocentrick place of y 2 o2 27. 


| Laſtly, to find the Latitude of the Planct, or it's diſtance from the Ecliptick, as it 
5 leen trom the Earth, fay 
As the Sine of the Angle to the Sun 
is to the Sign of the Angle to the Earth, : 
So 1s the Arch of Inclination ( compurcd in degrees and minutes ) 
to the Arch of Latitudc. 


And having bcen hitherto in laying down and explaining the Hyfothefis of others; 
ave a mind to fubjoyn one of my own, which I began to frame about rwen 
four ycars ago, And [ did ſome time ago calt it into the form of a little Book, 

Which is to be now inſerted, 


SECT: 


; A HR wm. 
Cursus MartrnemarTicus. Book [X, 


Scheme 


SECTION IIL 


A New A [ſtronomical Hypotheſis, and its A greement 
with Obſervations. 


The Contents of the BOOK. 


thn 
—.. 


The Chapters of this Book are three : 
The Firſt lays down the New Hypotheſes. 


The. Second teaches how to calculate according to it. 
The Third compares the Calculations with .the Obſer- 


vations. | 


CHAP. IL 


Laying down the Hypotheſis. 


1. WF Suppoſe the Motion of the Earth about it's own Axle to be cquable, that is, that 
the Revolution of every Mertdian to any fixt Star is always pertorm'd in cqual 

M&M Spaces of time, ler the Earth be in what Place of irs Orbit it will. Which 
Suppolition, though it be not new ; yer lince ſeveral have thought otherwiſe, and 
yet nevertheleſs the Daily Revolution, together with the Difterence of the True 
and middle yearly Motion, does conſtitute one Element or Principle of the Equation 


- of Time, (for the Diffterence'of Longitude, and of the Right Afcenſion of the Earth 


is another Thing; ) therctore it was to be declar'd, what it is, that I judy'd fic 


to be follow d here. 


2. I ſhall now uſe no other Proceſſion of the Aguinozes, than what Kepler did, 
21%. Ji” for every vear ; that withour any troubleſome Reduftion I may give you, 


as near as I can, the Obſervations deliver d by him in his Commentary concerning 
the Planet Mars, which arc afte&ted by a Proceſſion of the /Xguinoxes as great as has 


en faid ; yer I am nor at the fame time ignorant, that poſhbly the Motion of 


the ZEquinoxes may be ſomething otherwite. 


3- Again, let us ſuppotc the Aphelia and the Nodes of the Planets to have perpe- 


wally the ſame Place under the fixr Sears, or, which comes to the tame, not to be 


mov'd by any other Motion, than that ot the Proccfſion of the A5uinoxes. , 
4- In Scheme XXX VII. ler $ be the Sun, f the Superior Fecrs, c the Centre of 


XXXYVI.L the Elliptick, mz the Point of the divided Scion, namelv, in which the Dt- 


ance of the Fecuſſes s f is cut according to its extreme and middle Proportion; 


And let the ſame be allo the Centre of a Circle made by the Ray m d, which 1s _. 
equal to c aor c p, the Semidiametre of the greateſt Elliptick. Let a be rhe Aphelion, 
p the Pertheiion, a f « the Middle Anomaly, a sd the co-equare Anomaly, / 4 5 the 
Projihahereſis, e the Planct, s e the Diſtance of the Planct trom the Sun. 


5, The 


* —_———_—_— —_—_— 


art II. ' The Theory of the Plonets. 


5. The Determination oi the Lines. 


| In the Sun. [ In Mars. 


ca,ormd| ——_— I 5236900 
sf | 344477 | 2835500 
sm | 2125698 | 1752621 
mf | 131578 | 1003179 


CH-AÞ. It 


Teaching how to Calculate according to the Hypotheſis 
now laid down. 


O the Calculation belong theſe; 1/?. The Equation of Time. 2. The Compu- 
tation of the Middle Motions. 3. The Equation of the Centre. 4. The Paral- 

lax of the Orb. Every one of them will be made the more ready and caſte by the 
Tables that are added at the End. Of which the firſt does preſent you with rhe 
perpetual Equation of Time in two Parts. The ſecond contains the Middle Moti- 
ons of the Sun and of Mars, and alſo their Epxche. Thirdly, Then follow three 
Laterculi, with the Numbers written upon them that are conſtantly requiſite tor the 


finding out of the Equation of the Centre, and of the Diſtance of the Earth and of 


Mars from the Sun. Laſtly, I have tranſcrib'd our of the Rudo!phine Tables Morinus's 
Tables of the Inclinations of Mars, to wit, for ſhortening the Diſtance, and of his 
Redudtion to the Ecliptick. 

1. The Equation of Time conſiſts of two parts, T he firſt is taken from the for- 
mer part of the Table that is to be gone to with the true place of the Sun. And the 
little Particles that are taken away are added ro rf Apparent Time, ( of which kind 
is that of the Obſervations, ) 'or ſubtracted according to the Titles expreſsd in the 
Table, thar the Time may firſt of all become cqualld. Bur the latter part of Equa- 
tion may be then found out, when to the Time firſt equall'd you have compured rhe 
Middle Anomaly of the Sun out of the Tables of middle Motions: For with thar 
middle Anomaly our of the latter Table of the Equation of Time, you may take the 
Minutes and Seconds that are to be applicd to the Time firſt equall'd, ( as the T itles 
written upon them do teach, ) that there may be had the truly Aſtronomical or 
middle Time And to or from the ſame Minutes and Seconds add or take away a 
competent Portion of the Motion of the Sun, according as the ſame Tables direct 
8 «- Middle Motion, as well of Longitude as of the Anomaly of the Sun before 
ound. | 

2. Now the middle Motions are by Computation brought to Aſtronomical, Time 
'r of the S000 Tablc, by a common way known to all ; to chat I need fay no- 
ting of that. 

3. The Equation of the Centre,from the middle Anomaly given a f d,makes the 
_ trueas4,and the very Proſthaphere/1s too, f d s, conliſting of rwo parts, fd m, and mds. 
The firſt part is found in the Triangle fd m, whoſe tides f m and m d being given, 
they are of a conſtant length with a f d, the external Angle of the middle Anomaly, 
that is given; wherefore M d.Mf:: tothe Sign afd : to the Sign fd m. For the 

g. m 4 being ſubtracted from the Log. m f, there remains the conſtant Logarith- 
mical Number, noted in the firſt Laterculus by the Letter A, and is always to be 
added to the Sign of the middle Anomaly that is given, a f d, that there may be 
made the Sign f 4m. The latter part of the Equation of the Centre is found in the 
ng m 4 s, whole ſides md and m 5 being given, they are of a conſtant Length 
with the External Angle fmd=afd— fdm; whereforemd Fms.md—ms:: 
tothe Tang. 4 fmd. Tang. : X <<. For the Log. m d + m s being ſubrrafted 
from the Log, m 4d —m s, there remains the-conſtaut Logarithmical Number, noted 


Ggg88g58 rt 


_ 
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in the firſt Latercalus by the Letxer B, and is always to be added to- the Tanger 
jm 4, That it mav be made the I ang. X <<, Wc. : 

4. The Parallax of the Orb requires the Diſtance of the Earth and of the Planer 
from the Sun, which I ſhall teach you to find two ways to wit, by uling the firf 
way the Numbers of the ſecond I aterculus ; but the latter way the Numbers of the 
Tiwrd. The firſt way Inte mere Artificial Figures : For to half of the Sign of the 
Complement of the Angle a 5d I always add the Logarithmical Number of the $e. 
cond 1 aterculus, noted by the Letter C. Ienquire tor the Summ between the Signs 
when the Angle a 5 4 is acute, or between the I angents, when a s d is obtute; and 
I double the Sign of the Complement that anſwers to thar Sign or this Tangent; 
and when doubled I take it trom the Number of the Szcond Laterculus, that is noted 
by the Letter D, it as d be acute; or I add it, it it be obtule, ( borrowing there, and 
cating away here the doubled Ray;) fo there comes from thence the Loparithm 
o! the Diltance of the Planet trom the Sun. In the latter way I utc partly natural 
Numbers, and partly Artificial As to the Natural 'tis to be obſcry'd, that I take 
the Ray = r. bw to the Number of the third Laterculus noted with the Leter E 
( which is natural, ) I rake away alto the natural Sign of the Complement of the 
Angle a s d, when it is acute, or I add it, when that is obtuſe; and the Logarithm 
of the Remainder or Aggregate I always ſubtract from the Number of the Third 
Laterculus, mark'd by the Letter F; and what remains 1s alſo the Logarithm of 


Diſtance of the Planet from the Sun, to wit : ap the Sign of Complement of 
v . fe 


UE ITED T 


Root 


asd.2fs ::ap2—ſs2.5e. : 
The firlt way may be usd, when only the Artificial Canon of Triangles is at 


hand : The later requires both the Natural Canon and the Logarithms of abſolute 
Numbers, And it is ſomething more cafe, than the former. Moreover, to the 
middle Anomaly of Mars I always add three Signs, 12?, that chere may be the Ar- 
gument of Latitude, with which I take away the Inclination to ſhorten the Diſtance 
that's already found, as alſo the Reduttion to the Ecliptick. This only I add, That 
when the Planet draws nigh to it's Acronychial Poſition, I then ſeck rhe Angle to 
the Earth by this Analogy : | 
As the Diſtance of the Planct from the Earth 
is to the Diſtance of the ſame from the Sun, 
So the Angle to the Sun 


is to the Angle to the Earth, 
which 1 add to, or ſubtra&t trom F of the true place of the Sun, according as the 


Planer is on this (dc or beyond 4. Now the Diſtance of the Planet from the Earth 
in its Acronychial Poſition, or thereabouts, is the Difference of the Diſtanccs of the 


Planer and of the Earth from the Sun, or much thereabours. 
Example, 


In the Year 1580. Novemb. 18. h. 1.31%, Mars was obſerv'd by Tycho at Urenbureh, 
to be ncar his Acronychial Poſition in 1 G', 28, FU 'The Sun being in 2 6G. 
T here the firſt Equation of T ime is 7', 29” ſubtrafted. From whence we have the 
Time firſt equall'd hor. 1. 23! 31”, to which I take out of the ſecond Table the 


Middle Motions of the Sun and of his Apogee after this manner. 


Sun from the /Equino#tial. Sun's ApOgCe. F 
Si. De. Min. Sec. Si, De. Min. Sec. | 
I 550 09 20-36 I9 © Os  a- - 
19 IT 29 25 10 CO_ | ©0 16 og 
Ofober complear oo 29 M0: 8s 90 "00.00 - 43 
Day 18 bo. 7-88 20 0d - 00 | 00. . oz 
O23 a6 go 00 D0/ v0 


OO CO Co CI 


| Hour 1 Bo. £6 
Min. 23 ©0':. 00. 00 © oF CO 09: 00 90 
| Sec. 31 00. 08 ©. ©0 . 


Sun's Apogee 


O———_—_—_ 


| uri aan Nodon | o8 ©7 . 26 41 os Bo. es OA | 


Sun's mean Anomaly 


= Wich 


4 


4 y- -_ 
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® 2 1 » | y - ! ; | | I f 

With the middic Anomaly of the Sun 5, 1. 4%, 46", I take away the laner 
part of the Equation of Time 34 49) Þvy ſubtraction ; wherefore the Time truly 
Aſtronomical is þ. I, 19', 42”; And a Portion of the Motion of the Sun, agreeing 
with the latter part of thc Equation of Time, ViF, 9' being ſubrrated from the 
iniddle Motion of the Sun, leaves it O,, 7”, 29, 32"; but being ſubtracted roo from 
the middle Anomaly, it leaves 55, 1, 4G', 37”, or 151*, 78', omitring the lefſer and 
more minutc Particles, which arc above an hundred parts of a Degree. For the 
Calculation will be much the calicr by loſing now and then one or two firſt minures ; 
And yet it will come ncarcr the Obſcryations, than the moſt accurate Calculation 
that has been vet found. | | 
To the Artificial Sign 9.67473 Goes atuwer the middle Anomaly that is 
| DIV ———— — 151.78 FSubt. 
Add always A 8.11918 | 


TheSum. isthe Art. Si. 7.79391 of the Angle f md —— 0.36 4 & 
| There remains f m 4 — — 5.4 


| Whoſe halt is + Z _ 
of which the Artificial Tangent is 10.593g5 < VJ75-71 


Add always B = — 9. Subt, 
The Summ 1s the I angenr 10.57546, to which anſw. 1 XX< 75.1 2 
There remains the Angle md t 0.59 B 
a + Þisthe aaa gn d s 0.95 Subt. 
| or 57', o'; Subr. | | - 


ER Si. Deg. Min, Sec. 
Therefore now from the middle Motion of the Sun ©8 o7 26 32 


take the Proſthaphereſis | OO OO 57 ©o Subf, 
There reſis the true place of the Sun ——— —— 08 06 27 
Farther, from the middle Anomaly given a f 4 151.78 
take always the Proſthaphereſts f d s 0.95 
there remains the co-equate Anomaly a s d | 150. 83 
Of this Sign of Complement the half is —=——_—_ — ——— A.g7055 
| Add always C 4.11807 
The Summ ( becauſe a s d is obtuſe) is the Tangenr 9-298862 
to which anſwers the Sign of Complement doubled, 19.99352 
the which ( a $d being obtuſe) IaddroD, 4-99987 
The Stumin) (the doubled Ray being caſt away ) 24-99339 


is the Diſtance of the Earth from the Sun. 
Avain, arthe time truly Aſtronomical above tound, viz, 1580. Novemb. 18, h. 1] 
1g, 42”, let the middle Ariomaly of Mars be ſought. 


| Mars from the Equin. Aphelion of Mars. |[- 
Sj, De. Min, Sec. | Si, De. Min. Sec. f 
| —_ | a | 
1550 ©7 CO | 32 13 04 23 12 Og | g 
19, 01 06 32 44g on 16-9 þ 
Oct:her compleat | 5 09 19 O7 | co oo oo 43 

Day. 18 | 00 . 09 25 CO oo oo oo 0o3 | 

- Hour I OO OO C1 19 | ON CO CO OO | 
Min. I9 OO OO CO 25 | ©0 CO OO CO 

Sec. 42 | 09 © © Ol | a oo co oof! 

MrnE. i — an— ——C—_ j 

| 


c4 28 —< Mf 


Mean Morion of Mars | o1 25. $1 5goO 
| Aphelion of Mars 4. - 8- 0. 


j} Mean Anomaly of Mars os 27 36 


es 
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Therefore to the middle Anomaly 8s, 270, 22', 51”, or its Complement $5 
the whole Circle 35, 20, 37', 9g”, that is, 92.62: 1 ſeek the Proſthaphereſis, 


To the Artificial Sign 299955 anſwering the middle Anom. given 92.62 
B51 


Add always A Sube, 
The Summ is the Sign Art.x8.85135 of the Angle f d m 407) & 
—— 
There reſts fm 4 88.55 
| whoſe half is * ZE<R 44-27 
whoſe Artificial Tangent 1s 9.98893 
Add always B 9.89405 | uber, 
The Summ is the Artif, Tan. 19.88858 to which anſwer 4 XX<Y 37.73 
There remains the Angle md s 6.54 þ 
« + Þ is the Proſthaphereſis f d s 19.61 Add 
Or 1&f, 36', 36", A. 
Sr, De. Min.Se. 
Now therefore to the middle Motion of Mars ol 25 51 5o 
Add the Proſthaphereſis O02 10 36 36 A 
The Summ is the place of the Eccentricity of @ in the Orbit, 02 06 28 26 
: $S:. De. Min. Se, 
To the middle Anomaly of Mars given, O8 27 22 51 
Add always OJ 12 09 00 
There is made the Argument of Latitude OO Og 22 51 
to which anſwers the Inclination, or there abours, oo oo 18 05 
that is 0.30 to be kept; andthe Reduction 00 ©9 00 17 Subt; 
Now therefore from the place of Eccent. of Mars in the Orbit 02 06 28 26 
take away the Reduttion OD ©0 00 17 $ 
There remains the place of Eccent. of Mars in the Ecliptick 02 C6 28 og 
But farther, from the middle Anom. given a f 4 92.62 
take always the Proſthaphereſis f d $ 10.61 
there remains 82.01 
Of this Sign of Complement the half is | 57151 
Add always C cp 
The Summ ( becauſe « s d is acute ) is the Sign 9.95593 
to which anſwers the doubled Sign of Complement 19:99435T be 
which I ſubr. (a sd being acute) trom D, the doubled Ray increasd, 25.1791 4, y 
There remains the Diſtance of Mars from the Sun $-18477 Y 
T he ſame Diſtance of Mars from the Sun is found alſo the latter way, Thus : 
To the Co-cquate Anomaly a s d 82.01 
anſwersthe Natural Sign of Complement 15990 
to be ſubtrated ( when a 5d is acute) trom E 10.74610 
T here remains 10. 65710 
whole Logarithm is 1.02559 
to be always taken from F 6.21037 
T here remains the Diſtance of Mars from the Sun 5.18477 


TT he ſame that was aboye at y. The 
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he Inclinations of Mars reſery'd above 09.35 the Sign of Com lement is 
IM whoſe Difference from the Ray is 6 P 999999 


which is abbreviation, whereby the Diſtance of Mars becomes ſhorten'd 5. 18476 


t S:. De. Min. Se, 
The true place of the Sun above found was 08 06 29 32 
The Eccentrick place of Mars in the Ecliptick O2 06 2 Og 
The Arch that Mars is diſtant from # ©, or the Angle to © 1s '© —_— 


The Diſtance of Mars from the Sun 5.13476, auſwered by the abſolute 
Alſo the Diſtance of the Earth from the Sun 4.99339, anſwered by ubt; 


the abſolute 8489 
The Difference is the Diſtance of the Earth from Mars 54534 
As therefore the Diſtance of the Earth from Mars 4.73667 
to the Diſtance of the Sun from Mars | 5.18476 
Fo the Angle to the Sun ( »73. the Logarithm 83”). 1.91908 
to the Angle to the Earth 2.36717 
Whoſe abſolute is 3', 53”, which Mars from on Earth ſeems to be diſtant fron 
F of the Sun, | 
- . | $t, De. Mm, Se; 
Therefore from F of the Sun O2 OG 29 32 
( becauſe Xers is on this fide the & ©) take OF ©0 03 53 
There remains the true Place of Mars computed, O2 OG 25 39 
But the Place of Mars obſerved was O2 06 28 35 
The Difference is OO 00 22 56 


p—_ —_— 4 
a __ — _— _— 
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Comparing the Calculation with Obſervations. 


A Cocding to the Method laid down in the former Chaprer, I have computed 
fourteen Acronychial Obſervations, and twenty cighrt our of his Acronychial 
Poſition, che Produd of which Calculation take as follows: 


Fourteen 


Book IX, 
The 
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The Placesof Mari ont of his  Acronychial Poſition, obſerved at at Vrenbrgh, and recorded by Kepler in his Commentary of Mares. 
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1582 [| Novem. 41 
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1583 anus 28 
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The Cloſe. 


> "TIS plain therefore from what goes before, that our 
Hypotheſis does give the Equations of the Centre 
2 Priori, not only as accurately and as eaſily, but even more 
accurately and more eaſily than any Hypotheſis that has 
been yet invented. And let no one objeft, that in Calcula- 
tion I negle the more minute Particles ; for any one may 
take notice of them, if he pleaſe ; and yet the Calculation will 
not be ſo full of trouble as any other, but rather the very 
great variance of Calculation will be ſomething diminiſh : 
for it will never run out to the four firſt Minutes. 
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Curxsus Marazmaricus. | Book IX 


Star, that is near to the Elevated Po 


SECTION IV. 


Shewing how all Lines and Angles may be determin'd from 
Obſervations. 
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PROBLEM. I. 
To find the Meridian Line. 


N a Plane that is Poliſh'd, and that is be. to an Equilibrium with the 
Horizon, and firmly fixt, let a great many Circles be drawn from the ſame 
Centre, and let there be fixt perpendiculatly in the Centre a piece of Wood 

about three Fingers high, having in the rop of it a COPPre oa through the 
lictle Hole of which let a Ray of the Sun paſs : And then in the Fore-noon is to 
be accuratcly obſerv'd, and noted with a point, the Incidence of the Sun's Ray 
upon as many of the Circles that arc drawn, as the Ray can come ro; and in 
the After-noon is to be obſery'd the Return of the Sun's Rays to the ſame Cir- 
cles one after another. Which being done, if all the Arches that lie between 
the two Correſpondent Points be Geomertrically cut in two, the Line that cuts 


them in two is the Meridian. 
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PROBLEM. I. 
To find the Elevation of the Pole. 


T* by a Quadrant (that is large enough, and exquiſitely made, and that” is fixt 
preciſely upon the Meridian Line,) t grommet as well as leaſt Altitude of any 

| ſe be oblerv'd ; the Half of the Difference of 

the Alricudes being added.rto the leſs, or Subſtrated from the greater, (or Half of 


PR" _—_ FM 
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the Summ of the Alrirudes,) ſhews the Elevation of the Pole which is ſought for. 
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PROBLEM. 11I. 
To find the Horizontal Parallax of the Sun. 


F you obſerve 'for.rwo days together the Planer Mars, when Acronychial, in 
99 of the Ecliptick, very diligently marking both the time and his Longirude, 
(by making Compuration of it with reference to the fix'd Stars, ih the way here- 
after deliver'd,) you may from thence conclude the quantity of the Motion for 
the rime thar then pafſes; whence farther may be computed the Longitude of the- 
ſame at any intermediate moment of Time. Bur if at the ſame intermediate 
moment his Longitude be again obſery'd, by comparing it to the fix'd Stars, while 
he is ig his Corner-Alritude, you ſhall find the ngitude that is found by Calcu- 
lation to differ a very little from the Longitude obſery'd, which difference will $0 
to the Parallax of Longitude, And ſeeing at the ſame moment may be found the 


Angle, which the Vertical, that paſſes through Mars,docs make with the Parallel E 
c 


part LV. The Theory of ehe Planets. 


= Ecliptick : There are in the ReQangular Angle that is made by the Vertical, 

Parallcl of the Ecliprick, and the Circle of Latitude thar paſſes through Mars, 
all the Angles and one Leg ; Whereby will be made known. the Hypotenuſa, which 
will be the Parallax of Altitude to ſuch an Almurantarath, whence will likewiſe 
be found our his Horizontal Parallax. Then you may ſay: As the Diſtance of 
the Sun from the Earth is to the diſtance of Mars from the ſame; fo is the Ho- 
5zoncal Parallax of Mars to the Horizontal Parallax of the Sun. Now, they 
that have fearch'd this thing very narrowly, do affirm, Thar the Parallax of 
Mars, when neareſt the Earth, is found to be fo very ſmall, that it ſcarce amounts 
to any At all, as never ng fully ro 1'. Hence therefore I conſequenly infer, 
That if the Horizontal Parallax, of Mars, when Acrouychial, which is when He 
- almoſt four rimes nearer the Earth than the Sun is, do not come to 1/ ; then 
certainly the Parallax of the Sun, which is almoſt four times farther off, will ſcarce 
ometo © of a Minute. And hence it is , that the Horizontal Parallax of the 
Sus is by Modern Aſtronomers concluded not to be above 15”. at the moſt. 
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PROBLEM. IV. 
To find the Obliquity of the Ecliptick, 


]F on the Day of the Summer Solſtice the Meridian Altitude of the Sun be taken; 

which may be limited by the true Parallax, as if it had been ſeen from the 
Centre of the Earth; And if from this Solftirial Meridien Altitude, and which is 
 limitted by the Parallax, be taken the Altitude of the Aquator, or the Comple- 
ment of the Elevation of the Pole ; there remains the greateſt Declination of the 
Sus, which they call the Obliquity of the Ecliprick ; as for Example : The Sollſti- 
tial Meridian Alticude of the Sun, may be concluded to be as grear as it was by 
Ticho really obſcrv'd to be,from theObliquity ofthe Ecliprick,which hedetermines, 
and from the Horizontal Parallax. For he makes the Obliquity of the Ecliptick 
tobe 23%. 31'. Zo”. and the Horizontal Parallax 3'. and determines the Elevation 
of the Pole at Vrenburgh to be 55*. 54z'. therefore the Elevation of the Afguator 
wa 34% 5:'. And that we may conclude the Meridian Parallax of the Sun from 
the Horizontal Parallax of three Minutes ſuppog'd, ir is alſo necefſary ro know 
prety near the Altitude of the ſame; which was compounded of the Altitude of 
the Aquator,, and the greateſt Obliquity of the Eeliptick, which ſuppoſing for a 
while with Flim to be 23”. 313'. we gather the Meridian Altitude to be 577. 37'. 
which is as great as Tycho believ'd it would be, if it was ſeen from the Ceritre of 
. the Earth. And to this Altitude agrees the Parallax, 1'. 36 #”. if fo be the Ho- 
rizontal Parallax be ſuppos'd to EL T har Parallax therefore 1'. 36;”. is concain'd 
together in the ſuppoſed Altitude 58+. 37'. T herefore 1'. 363”. being ſuberafted, 
there remains the Altitude, which is found by Inſtruments to be 57*. 357. 23%, 
And then farther adding to this the true Parallax 73”. that ariſes from the fup- 
poſed Horizontal Parallax 15”. we gather the Solſtitial Meridian Altirude, limi- 
td by the true Parallax to be 577. 35'. 31”. from whence being raken the Altitude 
of the A quator 34* 5'. 39". there remains the Obliquity of the Ecliprick 23. 
30'. 1% 


LS 
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PROBLEM. V. 
. To take the Longitude of the Sun. 


AT Noon-day let the Alritude of the Sun be taken, and limited: by the true 
LA Parallax ; then the Difference of the limiced Alcitude, and of the Eleya- 
tion of the Aguator, will be the Declination of the Sun. Whence by the firſt Inver- 
td Problem of che Spherical parc will appear the Longicude of the Sun, that 

| ſy 
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Cursus MaTarMATICUS. Book IX, 


__ given Anglc As Cto 189 degrees, thirdly, s G 


is ſought for. Bur farther 'ris to be obſerv'd, if the Obſervation be made in the 
Winter-Months, that then the Refraftions are to be confider'd: And fo to ayoid 
theſe, the Summer rime is usd rather to be choſen, when the Noon-day Sun has 
almoſt got quite out of the Labarinth of Retractions; and if beſides, a calm and clear 
ſeaſon be choſen, the leſs Iconvenience will be to be fear'd. Now thele things may 
be the more certainly prattiſed about the /Xquinozes, when the Declination is very 
much changed in a ſhort ſpace: So the Aguinozes chemſclves are found, the Mc- 
ridian Altitude of the Sun being ſought for, on the very day of the Aquinoz, or on 
the next to it; which Meridian Altitude, if when limited y the true Parallax, it 
be equal to the Elevation of the quator ; *tis an Argument, that the time of the true 
Fqunos does fall upon the very Noot-day thar the obſervation is made; but if ir 
be leſs or greater, the /#quinox will almoſt ſo many hours go before the time ofthe. 
making of the Obſervation, or follow it as many Minures, as there are between 
the limited Altitude of the Sun, and the Elevation of the /quator ;, tor the greater 
limited Alcirude argues the Vernal #quinox to have gone betore the making of the 
obſeryation, but that the Autumnal Aquinex will follow. And the lets Altitude de- 


notes the contrary. 
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{7s PROBLEM VL. - 
BS | | 
Tagfind the Apogee and Eccentricity of the Sun. 


'Y” HE three rrue Longitudes of the Sun are to be found out by the foregoing Pro- 
blem, avoiding the too great nearneſs of the Solſtices, and the W inter-Signs, 


Fzoure Then in Figure XXX VIII ler the Orbit of the Earth be a bc e, 5 the Sun, t the 
 XXXVII 


other Focus, let a b c be the true places of the Earth, diametrically oppogd 
to the; obſerved places of the Sun; now therefore there are given true diſtan- 
ces of theſe places, -to wir, the Angles as b, bsc, as c; and there are allo gj- 
yen the middle Morions of the Sun, that __ with the Temporary Inter- 
vals of the Obſervations ab, bc, ac; which Intervals are known by marking 
the moments of making the obſervations, and they have the ſame proportion 
to the time of the whole Revolution of the Sun, 43. to 365 d. 5h. 49 m. That 
the Angles a fb, b fc, afc, have to the whole Circumference. Nor Toes it ſigni- 
fic any thing, that there is a difference among the Aſtronomers about the Seconds 
and Thirds, above the Hours and Minutes ot the Sun's Revyolution;* for they are 
here almoſt of no conſideration. Now the Angles at s andf, being thus given 
from the Centre f, at the compaſs of f A, equal ro d e, the whole Line of the 
Apfes, let there be drawn the Circumference A B C G, which let the right 
Lines, drawn from the Foczs fthrough a b c, cutin ABC, and let s A, 5B, sC, 
be joyn'd, the Triangles 5a A, s b B, sc C, will be of equal Legs; ſeeing accor- 
ding to the nature of an Ellipſis to de, (7. eto f A, ) is equal 54 T af; wherefore 
taking away on both ſides f a, there remains 5s a==a A. And therefore the Angle 
fa s, ( which is external to the Triangle a A 5s, ) will be double to the Angle bB s. 
Laſtly, f c s will be double to cCs. And now take the Angle a s b from afb6, 
and there will remain the Summ of the Angles s a f and sbf; for the Angle 5s af 
is the difference of the —_ afd, and as d, and the other Angle s b £ is the 
differtnce of the reſt of the parts bf d, and bs d. Wherefore when the whole 
Angles a s b, and af bare given, the Summ of the differences s a f and 5 bf, will be 
alfo given, the ſumm of whoſe halfs A f, ands B f, or as A, andbs B, being 
added to the Angle a s b, it pives the Angle AsB; and by the ſame way may 
be found the Angles Bs C, and As C. Now there being given after this man- 
ner the Angles that are made by the right Lines that are drawn at both Focuſes 
toABC, letAs bedrawn out to G, and let BG and CG be joyn'd. Firlt in 
the þ uy s BG of the given Angles, (ſince B s G js the complement of the 
_ Angle A 5 B to 160 degrees, and sGB is the half of the given Angle AfB,) 
ets B be taken and fuppogd to be of as man; parts as you pleaſe, ſuppote 102000, 

s G will be found by Trigonometry in the ſame parts. Again, in the Triangle 
sCGuare given, firſt, 5 G juſt now found; ſecond Ys G s C the complement of rhe 
; the halt of the oo ag” 


'part LV. 


The Theory of the Planets. 


— 


Af 
firlt, 5 


| 5s; and therefore 5s 
—_— Triangle Bf C (becauſe fB and f C are Rays of the a 


the £q 


B, which was firſt taken 


ſecondly, $ 


BC and B 


J 


C: Therefore s C will ſo be found. Farther, in the Triangle B ; C 
- uſt now found ; thirdly, B 
will likewiſe be found. 


arc given, 


s C, from 


Again, in 
me Circle 


are given all the Angles; for Bf C'is known from what goes before, and the r 
\BC, f C B, together, 


are its complement to 180 de 
1al to one another , and there is alſo given the ft 
{} will be found our. Laſt] 
taken firſt of all; ſecond 
being ſubrrafted from f 


recs, and 
eB latel 
in the Triangle f 5 B are given, 


't: 


the ſame are alſo 

found : fo thar 
{t, s B, that was 
newly found ; thirdly, the Angle fBs, 5s BC, 
z Wheretore both the unknown Angles may be found, 


and the ſide f 5s, the diſtance of the Foes, in patts, ſuch as s B was taken to be 


109990. 
dle 


ly found 
poſs that 15alſo newly found; 


th from the Sun, 


or what is cqual to it, the Angle b s 
remain the A 
ant from the Aphelion d. 


dil 


hereby ma 


be found the 


LCcentricity in parts, of which the rhid- 
diſtance of the Earth from the Sun is ſupposd to be 100005, by laying; fB 


(and the ſame is o__ to de, the Diamiette of the greater Elipfis, ) 
t 


ngle d s 


W 


ſupposd to be 100000 
Eccentricity in like parts. Laſt of all, you mu 


i 


arts, will 


ſubtrad f 


the place of the Aphelion of the. Earth d is alſo given. 


Th 


erefore the + of d e, orthe middle diſtance of the 
ive the + of fs, or the 
s, that is juſt now found, 
, from the given Angle d s B, that there 
which the place of che middle obſervation 6, 
herefore the place b, being given by obſetyation, 
io and Eccentricity, firſt propos'd by Herigon, and afterwards applied by Mr. 
Street, to the Ellipocal Hypotheſis, ( though yer he draws the Circle from the 


Sun, which I have choſe rather to draw from the upper Focus, that there might 


be 


Reader might be weari 
Comb 


ay, does 


greater Agreement between the Lines of Scherne XXXIV. and fo the 
cd with the leſs varicty of Conceptions.) This way, 1 
excell bath thoſe in the Hypotheſis of Dr. Ward, and 0 
Count de Pagoz nor is there any thing clſe wanting 1a it, but that the 


F 

_—_ 

ſhould agree more with the Heavens. Whercfore that Reſpe@ thay be ro 
Bullaldus's Limitation, a repeated operation is neceſſary, by which through the 
ſeat of the Apogee next found, and through the Eccentricity, may be found the 
nomaly at three Obſervations given, as I havetaught in the X XIL 


middle truc 


Chapter; and by thoſe middle true Anomalies, let the An 
0 


__ſ afb, bf c, a fe, which now muſt be the differences 
ics 0 


, they were 


es to f be correfted, ſup- 
the middle true Anoma- 
re of the middle ones only: And fo following the forego- 


ing Calculation ſtep by ſtep the ſame way, you may find the Aphelium of the Earth, 
and the Eccentricity very cxaCtly. 


f——— 


PROBLEM VIL 


To find the Apogee and Eccentricty of the Suri, by 


T 


val of the time that par between. Now Hi 
Vernal /kquinox to th 


that t 


the method usd by the Ancients. 


he Sun tarrics two days lo 
the Circle, than in the Summer 


Hey wete wont to obſcrve the time of both En viz. the Vetnal and 


Autumnal, and alſo of the Summer Solſtice; then they computed the Inter- 


rchus found gq days and 4 from the 


c Solſtice, from the Solftice ro the Autumnal Aquinex g2 days 
and 3, which being join'd, do make 187 day: Therefore ſeein 
; nger in the Vernal Quadrant, or 


Qu 


thus it is found, 
pring Quarter of 
uarter ; it follows, that the Apogee of the Sun, 
(in which it ſtays the longeſt, ) is plac'd in the Spring Quadrant. 


In Figure XXXIX. ler then A be the Earth, from which, as from the Centre of 


the Univerſe, ler there be deſcrib'd the Ecliptick y, s, =, w, and let y, Ss, =, w, 


be the Cardinal Points; there will be plac'd, as 
YAS, both the place of the A 


Wherefore from the Centre B, let 
z and through B, wo yy =, and & »þ, let 
Lit? 


? 


faid, in the Vernal Quadrant, 

ce C, and the Centre of the Sun's Eccentrick B; 
© etc defirib the Eccentrick ofthe Sun C K M 
there be drawn parallel the _ 


Figure 
XX XIX, 


294 


Cursus Marautmarticus. Book I. 


BM, HBN, dividing the Eccentrick into Quadrants. And now the time being 
iven, in which © goes from the begining of Y, to the beginning of Ss, »iz. 
> and 2; there isalſo given the Arch of the Eccentrick D K, which it goes 
through in the mean time by its middle Motion, 24. 93 degrees, 8'. 37”. So from 
the beginning of &, to the beginning of =, in 92 days and z, the Sun paſſes through 
. the Arch of the Eccentrick K O, wiz. 91*. 10'. 217. W herefore there is given 
the whole Arch DK O, of 184*. 18'. 58”. from whence being taken, the w=—_ 
circle E K M, therc remain the Arches D E and M O, which together are equal 
ro 4*. 18'. 58”, Thercfore each of them by it ſelf, for inſtance D E, will be 2-, 
9. 29”. The Siga of which Arch is D F. 3766 = BG = LA Again 
from the Arch D K of 93. 8'. 37”. take away D Eof 2*. x 29”. there remains E 
K of 909. 59!. 8”. from whence again, the Quadrant E H being taken, there re- 
mains H K of 59'. 8'. whole Sign isK 1, 1920 = L B— AG. Now therefore 
in the retangular Triangle A B G, there being given the Legs B G and GA, the 
Eccentriciry A B may be tound in parts, of which the Ray of the Eccentrick BC 
is ſupposd to be 100000: As alſothe Angle GBA=BAL, which the Line of 


the Apſes A C, was formerly diſtant from the beginning of S, vi. 240. 33. 6'. 
r 


or according to Ptolomy, 24*. 30'. Wherefore the Apogce of the Sun in the time 
of Hipparchus was in 5*. 20' of YN. Now in this operation ſome ( Copernicus and 
Tyche particularly ) do think, a ſufficient Certainty of things afſum'd 1s wanting : 
For the Solſtices can ſcarce be found by an Inſtrument, becauſe the Declination of 
the Sun about thattime is ſcarce ſo alter'd as to be perceiv'd by ſenſe. Yer ſince 
the Antients are both ſaid to have obſery'd the Solſtice, and have made known the 
time, they found it to op , though they have not diſcover'd the manner of ob- 
ſerving it; yet it cannot be doubred, bur that they were both furniſhed wich,and did 
really uſe ſuch means as Gy could perform it by: For that there is ſtill a way of 
obſerving the Solſtices, Gaſſendus winefſes in his II. Epiſtle ro Wendelin, where he 
fays, he found in the year 1626, onthe 19th day of Zune, St. N. at Marſeilles, that 
the length of the ſhadow, caſt from a Gnomon 89321 particles high, was 31766 
particles; again, on the 20th day, that it was 31753 part. and on the 21ſt day, 
that it was 31751 ; laſtly, onthe 22d Gay, that 1t was 3179 part. from whence 
we.may thus infer; Ifonthe 20th and 21ſt days the length of the ſhadow had been the 
ſame, it would have alſo decreasd as much on the. 19th and 20th days, as ic had 
again increasd from the 21ſt to the 22d, and the Solſtice would have happen'd ar 
mid-night, between the 20th and 21ſt days. But now ſccing from the 2oth to 
the 21ſt, it decreaſes rwo particles, and from the 21ſt to the 22d it increaſes 
leſs than it had decreasd from the 159th to the 20th, *ris certain, the Solſtice had 
been before the Noon-day of the 21ſt, bur yet was nearer to this, than to the fore- 
going Meridian ; and fo that it happen'd the 21ſt day in the Fore-noon : And, if 
be nor deceiv'd, Nicolaus Tagautius fays, the Chineſe do at this day obſerye the 
Solſtice, by a way not much unlike this Whencel am apt to believe, che An- 
cients might do the ſame; fince 'tis evident, the uſe of the Gnomon was very 
ancient: And that the Ancients did not err much, (1 do nor fay Ptolomy, who 
did diſtruſt himſelf roo much, but Hipparchus, and they that were before him,) in 
determining the Time of the Solſtice, the Ancient Lunar Eclipſes, that were 
oblery'd art Babylon, do evince, whoſe Intervals do not admit of any other Scat of 
the Sun's Apogee, than that which was lately concluded by the foregoing ways, 
as I have long ago demonſtrated, and ſhall ſomerime or other, publiſh co the 
World from what lics by me, if the matter require it. Hence therefore we argue, 
that the Apogee of the Sun, from Hipparchws to our times, has gone forward a 


whole Sign. 


OSS 


part LV. The Theory of the Planets. 
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PROBLEM VII 


To define the middle Motion of the Sun, 
and the Tropical Tear. 


Here is nced of two Obſervations, made at very far diſtant Intervals of time, at 
T which che Sun was in the point of the Aquinox: And ſeeing trom what goes 
tefore, both the Eccentricity and the Apogce of the Sun may be known at the time 
of making borh the Ancient and Modern Obſervations ; the Proſthaphereſis of the 
Fan, which it had at the time of the /Xquinox, cannot lie hid, whereby the true 
Dlace of the Sun may be reduc'd to the middle in both Obſervations. T hen are to 
I hccomputed both the whole Traft of Time that comes between both Obſervations, 

- and the whole Revolutions, with the degrees that are over and above, it there be 
any, which the Sun has finiſh'd in the mean ime. Whence, by the Rule of Pro- 

tions, you may infer : If in ſo much time ( viz, inthat which has paſt berween 
[th obſetvations ) the Sun has finiſh'd ſo many Revolutions, and moreover ſo ma- 
ny degrees and minutes; in how much time will it go one Circuit by its middle 
Motion from Equinox to Aquinox ? For what the Produdt is, is the Quantity of the 
middle Tropical Year. And tranſpoſing the Terms of the ſame Proportion, you 
may ſay ; If fo many Revolutions, and Degrees, and Minutes, have been paſt in ſo 
reat ſpace of Time, viz. as has paſt berween the two Obſervations; How many 
Prarces and Minutes muſt be allowed for one Day or one Hour. 


— ——— 
— 
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PROBLEM IX. 0 
To obſerve the vifble Diametre of the Sun and Moon. 


TF to a Lath that is well plain'd and pretty long, be perpendicularly fixed twoPlates, 

the one to the one end, and the other to the other; and the one have a little 
hole, through which the Rays of che Sun's Diametre may pals into a dark Cham- 
ber, ſo that they may be receiv'd by the oppolite Plate ; there will be painted in this 
the Image of the Sun, whoſe Diametre is to be taken by a ſharp pair of Compaſſes, 
aid to be meaſured by a certain accurate Scale, deducting the Brecles which the 
hole takes up : Then by the ſame Scale ler the Diſtance ot the Plates be meaſur'd , fo 
ſhall you find che Proportion, that the diſtance of the Sun from the Earth has to 
ts Diametre. Whence you may farther thus infer z As is the Diſtance of the Surt 
tots Semidiametrec ; ſo is the Ray ro the Tangent of the Apparent Semidiametre, 
or the half-Angle, under which the face of tlie Sun is ſeen. The Semidiametre of 
the Sun being Sh way found out, when an Eclipſe of it happens, let the Images of 
both the Luminarics be taken by a Tcleſcope in a dark Chamber, and in that part 
whereiti the Margin or Edge of the Moon does cut the Face of the Sun, let there be 
taken by a three-pointed Compaſſes three points, here one, and there one in the 
Circumference of the Moon ; and take als three points in the Circumterence of 
the Sun : Then when you have found the Centres of theſe three Points, you may 
compare the Diametre of both Lumwarics, and from the Semidiametre of the Sun 

fore known gay alſo conclude the Apparent Semidiametre of the Moon. 


| —_—— — 
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Figure 
XXAVII 


Figur 
XL. 


.. and then the Horizoncal Parallax. 


Cursus MaATHEMATICUS. Book 1X. 


PROBLEM = 
To find the Eccentricity and Apogee of the Moon. 


E T there be taken three oo of the Moon, obſerv'd within the ſpace of one 
year, marking accurately both the Moments of Time.,and the Places of the Eclip- 


tick, in which they happen'd : Now the laſt of theſe will be known by Calculation 


by the Place of the Sun, ( which isthen ona on; oppoſite to the Moon. ) Then 
to the Intervals of Time between the firſt and ſecond, as alſo between the ſecond and 
third Eclipſe, compute from any Tables the Motion both of the middle Anomaly 
and of the Apogee of the Moon. For the Motion of the Apogee being deduged 
from the true Motion of the Moon, (which is known from the Places which ir 

feſed inevery Eclipſe, ) there remains the Motion of the true Anomaly at the ſame 
nnwand te And ſo returning to the Method explain'd in Prob. VI. there are given 
there in Scheme XXX VII. the Angles at f from the Motion of the Middle Anoma- 
ly, and the Angles at s from the Motion of the true Anomaly. Wherefore by fol- 
lowing the ſame way of calculating, you will find both the Eccentricicy and the 


Apogee of the Moon. 


L —— 


PROBLEM XI. 


To determine the Horizontal Parallax of the Moon. 


| ET the time be accurately obſerv'd, at which the beginning and end of an 
— Eclipſe of the Sun does happen, when the apparent Latitude of the Moon is 
alſo ſmall or none : For at the ſame time the Longitude of the Sun, found by Cal- 
culation, will differ from the Apparent Latirude of the Moon, as much as the Semi- 
diametres of both Luminaries, when joyned a, do both make. Now how 
to find out theſe Semidiametres has been _ rob. 1X. therefore the Apparent 
Longitude of the Moon will be known, and the true Longirude of the ſame may 
be computed to the ſame Moment, therefore the difference of the true Longitude 
and the Apparent will be the Parallax of the Moon's Longitude:: W hereby may be 
gathered by Prob. III. the Parallax of Alticudc, firſt at che Almucantarath giyen, 


_— 


PROBLEM All. 
To find the viſible Diametre of the Earth's Shadow. 


\ bow Fig. XL. let a be the Sun, b the Earth, cthe Centre of the Shadow, thro' which 
the Moon e does paſs, the Apex or Point of which Shadow ends in d; lethg fd 
be the viltble Horizon, which both Luminaries do rouch with their upper Margin 
or Edge. Now 'tis certain, that right Lines, drawn from the Centre and Surface 
of the Earth b and s to the ſame point of the Sun h, will intercept the Angle g h 6, 
cqual to the Horizontal Parallax of the Sun ; As the right Lines drawn trom the 
lame Points b and g to one and the ſame Point of the Moon f, do contain the Angle 
b f 2, Equal to the aefupymer Parallax of the Moon. And f b being drawn out to 7, 
7 þ b the external Angle of the Triangle h b f will be equal to the Summ of the Hori- 
zontal Parallaxes b hg and b fg. From that Summ therefore i b b take away 4 6 5, 
the vilible Semidiametre of the Sun, there will remain i ba = c bf, the apparent 


Scmidiametre of the Earth's Shadow. 
P R O- 


3 


N 
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PROBLEM AI 


To find out the Declination and Right Aſcenſ#on of the fix'd 
Stars, and to infer from thence their Longitude and 
Latitude. 


TOW the Declination of a fix'd Star is found by o— its Meridian Alti- 
N rude, as is alſo the Declination of the Sun ; bur the Right Aſcenſion of fix'd 
Grars has ſomething more difficulty in ict. Tycho 1or this purpoſe choſe the Planer 
mus, when in her greateſt Elongation from the Sun, the ſhines by Day, and is 
ſeen after Sun-ſet. If therefore on the Day-time be taken the Alritude of the Sun 
by an Azimuthal Quadrant, and alſo the Altitude and Azimuth of Yenus; there 
will in Figure XLI. preſently be given the three ſides in the TriangleP Z ©, Firſt, 
The Complement of the obſerved Altitude of the Sun Z. ©. Secondly, Þ Z the Com- 
plement 0 the Elevation of the Pole. Thirdly, Þ © the Complement of the Decli- 
nation of the Sun, greater or leſs than a Quadrant; ZP © is found the Diſtance of 
the Sun from the Meridian. Again, in the TriangleP Z 2 are given, Firſt, Þ Z 
25 before. Secondly, 7. 2 the Complement of the oblerved Altitude of Venus. Third- 
ly, Þ Z 2 the obſerved Azimuth of Yenus : Therefore Z P 2 is found the Diſtance 
of Venxs from the Meridian. From the Angle Z Þ © take the AngleZP 9, there 
remains the Angle © P 2, or the Difference of the Righr Aſcenſions of the Sun and 
mus. Afﬀterwards when the Sun is ſer, ler the Altitude of the ſame fix'd Star be ta- 
ken by the ſame Quadrant; as alſo the Altitude and Azimuth of Yenus : Then in 
Figure XLII in the Triangle Z, P + there will be given the three fides, Firſt, Þ Z 


|  abefore. Secondly, Þ # the Complement of the Declination of the fix'd Star. Thirdly, 


Z * the Complement of the obſerved Altitude of the fix'd Star: Then Z. P x is 
found the Diſtance of the fix*'d Star from the Meridian. Again, in the Triangle 
ZÞP 8g are given, Firſt, P Z as beforc. Secondly, PZ (0) the obſerved Azimuth of Ve- 
ws, Thirdly, Z 2 the Complement of the obſerved Altitude of Yenus ; therefore 
ZP? is found, or the Diſtance of Yenus from the Meridian. From the Angle ZP 2 


take the Angle Z Þ *, there remains the Angle 2 Þ #, ar the Difference of the 


Right Aſcenſtons of Fenus and the fix'd Star. If cherefore the Right Aſcenſion of the 
Sun be known at the Moment of the firſt Obſervation, add ro it the difference of the 
Right Aſcenſions of the Sun and of Venus ; ſo may you make up the Right Aſcenſion 
of Veaus. To this you may add the difference of the Righr Aicenſions of Yenus and 
thefix'd Star, and the Right Aſcenſion of the tix'd Star, which is the thing ſought for, 
will appear. But if berwcen the Times of both Obſervations Venus chance to change 
her Place, and conſequently her Right Aſcenſion, ( though that cannot bur be ver 
{mall, Venus being all that while in her greateſt Elongation from the Sun, and 4 
Sationary, or very near it, ) the Right Aſcenſion of Yenvs, found by the firſt Obſer- 
vation will bero be corrected, and to be fitted ro the Time of the latter Obferyation: 
And ſo the Declination and Right Aſcenſion of a fix'd Star being this way found, 
the Longicude and Latitude of the fame may be thence inferr'd by the ſecond Con- 
verſe Problem of the Spherical part of this Aſtronomy. Now the Right Aſcenſion 
of one fix'd Star being known, ic may lead us to the knowledge of the Right Af- 
_ of all che reſt ; whence alſo their Longicudes and Lartitudes may be deter- 
mined. | 


Cursus MATHEMATICUS. Book IX. 


Figure 


XLIIL 


PROBLEM XY. 


To determine the proper Motion of the fix'd Stars, 
and the Siderial T ear. 


HE more famous Aſtronomers perceive, that the Latitudes of the fix'd Stars are 

3 not chang'd. Now therefore it by the foregoing Problem the Latitude of an 
fix'd Star be found, as for inſtance of Spica Virgints, then it was alſo the ſame ia Anc;. 
ent Times; now Timocharis did alſo of old take the Declination of the ſame fix'd 

Star : The Declination therefore of Spica Virginzs, and the Latitude of the ſame bein 
iven, the Longitude of it may be found by the ſecond converſe Problem of the 
Soherteal Part; and alſo the Longitude of the ſame fix'd Star in theſe latter years 
may be found by the foregoing Problem : Therefore the Ancient Longitude com- 
parcd with the Modern, will ſhew how much the f1x'd Stars have in the mean time 
proceeded by their proper Motion ot Longirude. Whence will farther appear the 
yearly Motion of the fix'd Stars; and moreover that Particle of Time, which the 
Sun ſpends in paſſing that lirtle ſpace of the yearly Motion of the fix'd Stars, after ic 
has return'd from the Point of the Fcliptick, which the Star was in the year 
before, to the ſame point again, and has indecd completed the Tropical Year; 


bur not finding the ſame fix'd Star there, yet while it goes on to it, it completes the = 


Siderial Year, which muſt conſequently exceed the T ropical Year, the Proportion 
of time now ſpoken of. 


ML 


P ROB LEM XV. 
To take the Longitude and Latitude of the Planets. 


HE Diſtance of a Planct is to be taken by two fix'd Stars, whoſe Longitude and 
Laticude is known. In Figure X LIII. Ler the two fix'd Stars be A and B, and 
the Planer &@, E C the Eclipeick, and its Poles F F. 1. In che Triangle F AB arc 
iven F A and FB, the Complements of the given Latitude of the fix'd Stars, and 
1 FE B the difference of the Longitude ; and there are found A Band FAB. 2. In 
the Triangle AB & is given AB, juſt now found, and A g, B g by Obſervation; 
and then there is found 3 AB. 3. inthe Triangle 3 AF aregivenFAandA g, 
as before, and the Angle g AF, which is to be made up of the Marks pg AB and 
FAB; and fo there 1s found F 4, the Complement of the Latitude of the Planet, 
and AF @ the difference of the Longirude of the fix'd Star A, and of 4. Now the 
Longitude of the fix'd Star A is ſupposd tobe given, and therefore the Longitude 
of 8 will be given allo. 


——_—— 
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PROBLEM XVI. 


To find the Aphelion or Diſtance from the Sun, and the 
Eccemtricity of the Superior Planets. 


rabbi 


Hen the Snperior Planets are in Oppoſition to the Sun in their Acronychial 
Situation, they ſeem to us, who look upon them from the Earth, to be in 


_ the ſame wegred and Minute of Longitude, that they would ſcem to be in from the 


Sun, if the Eye was there plac'd : If therctore, about that time their Longitude 


be daily obſery'd, and the true place of the Sun be computed gt the yery fame 
Moments 


ata a at. ——_ DB 
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pan IV. The Theory of the Planets. 


| f the Obſervations; then the very Moment of oppoſition may be thence 
Momerty” and beſides that the true Place of the Sun, to which will be then dis 
rically opposd the true Place of the Planet. Now three Acronychial Ob- 
Crvations of this kind are neceflary to be made of every Planer, that the Apbelion 
1Eccentriciry may be thereby known. For returning to: Prob. VI. and Ei c 
XXXVIIL there will be given the Angles at s, which will be the Differ the 
rue placesof the Sun, or of the Planer, at the moments of the ations : And 
iſothe Angles at f will be ſet out by the middle Motions of the Planer, which ic 
herwcen the two next Obſervations. From whence by repeating over again 

the Calculation there ſhewn, you may gather both the Aphelion and the Yoconrtls 


of the upper Planct. 


_—<—. 


PROBLEM XVI. 


To find the Aphelion and the Eccentricity 
of the lower Planets. 


Ecauſe the lower Planets do never go ſo far from the Sun, as to come into Op- 
polition with it ; therefore here there is need of another Merhod of finding our 

the Aphelion and the Eccentricity from what there was before ; and inſtcad of - bam 
Oppoſitions, three of the __ Elongations from the Sun arc to be taken. Nor 
does it lignific much, that the Moments of theſe can ſcarce be preciſely determin'd , 
kauſe about that time they being Stationary, do ſcarce alter their Diſtance from 


Lo ———_—_ 


the Sun : For if one do err ſomething in determining the time of the Di- 
ance, ſeeing this diſtance is the ſame or ucar a_ ie, it will come tothe 
fame thing, Ler then, in Fig. XLIV. $ be the Sun, D F E the three Places of the 


Earth in its Orbit, at its greateſt Elongations; and fer the Orbit of the lower Planer 
t&PGHIA, and let there be drawn about ir the Circle P K LMA. Let the Pla 
netin its greateſt Elongation from the Sun be in G, H, and I; and fo the Righe 
Lins D G, E H, FI, drawn from the Places of the Earth to theſe points, will touch 
the Elliptick Circle, and the ſame will cut the perfeft Circle cach of them twice; 
and the Setions or Points of their _—_— that are the nearer the Sun $,will fall up- 
oaKLM; and farther, the Lines SK, SL, SM, drawn from the Sun to theſe 
Points, will be perpendicular to the Tangents D G, EL, FM: And fo the Tri- 
ayes DKS, E LS, FMS will be rotangular . and the Hypotenuſes, or under 
lides of cach of them will be the Diſtances of the Earth from the Sun, and conſe- 
tly will be given; and the Angles at D EF, that lie between the right Lines, 
aredrawn from any place of the Earth to the Sun, and to the point of Contat 
vill be the greateſt gone of the Planer, and will be alſo given. Whence will 
te likewiſe not only DSK, E SL, F SM, the Complements of theſe Angles, bus. 
there will alſo be found the perpendiculars SK, S L, SM. Now theſe Lines bein 
found, let there be imagin'd three Triangles, lying berween Them and the Cor 
that joyn their ends together, viz. KSL, LSM, K SM, in every one of which 
there are given two ſides, ( namely the perpendiculars, ) and the Angle that is be- 
tween them. For from D $ E ( which is either the Angle, or the Complement of 
the Angle to the four right Angles, computed according to the order of the Signs ) 
if rom that, I ſay, be taken the Angles on cach fide DSK and E SL, there re- 
mains K $ L in the middle. - Now D S E is the difference of the Places of che Earth 
in the firſt and ſecond Obſervation. So from F S$ M which is given, you may take 


+F SE, the difference of the Places of the Earth, in the ſecand and third Obſeryationg 


and there will remain E S M,, whch you may alſo take from ESL which is given, 
and there will remain M SL. And laſtly, KSL+MSL=KSM. Wherefore 

te being given, as I ſaid, in cyery Triangle two ſides with the Angle contain'd 
between them, there will be found the Cords K L, LM, K M; And ſorhe Trian- 
as LM will have two ſides given; and therefore the Angle K LM may be alfo 
und. And thE double of that is the Arch K A M, and again, the Complement 
& filling up of this to four right Angles is the Arch ML K, and che per PRene 
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. fore inthe Triangle 5 K 


m— = fee ll from C upon M K, there will be made the Ange - CM.the half 


of the Arch :M. L K, and the Line K will be cut in wo in- herefore there 
i iven M N-andN CM, in the reftangular Triangle CN M, there wi 
_ HEM C wet alſo C'N. And LAT Triangle aboy ern 


be : | e mentioned, 
K $M, ( whoſe ſides K $-and $ M were given together, with the Angle K $M con: 
tained berween them, ) the An 


SK M might alſo be found. Wherefore now in 
Triangle SO K, there _— 'W2 SKandS K O, there may be 
found both che Legs S O and K O. From (=MN) take K O, and there 
remains 'O-N =$ Qs and from C N take Q_N, (= SO, ) and there remains 
CQ. Wherefore in the reftangular T riange CQS, there being given the two Legs 
CQ and Q's, there may be alto found SC, the Eccentricity that is ſought for, 
and alſo the Angle C SQ, to which if there be added Q SM, (=SM K, found be? 
) there will be made up of them CS M, which you 
muſt laſt of all rake from FS M which is given, that there may remain F $ A, or 
the Diſtance of the Apbelion of the Planer from the Place of the Earth when in F, 


' WY 


PROBLEM XVIII. 


To find the Middle Diſtance of every Planet 
from the Sun. 


T H E middle Diſtance of the lower Planets was found indeed in the foregoing 
Problem, to wit, The Line CM or C N, but now the middle diſtance of the 
may be alſo found, if their Longitude be obſerved about the time of their 
gation from the Sun of 9 Degrees : For returning to Fig. XXXVL. in the Tri- 
angle $ T E arc given all the Angles, viz. E TS, the difference of the true Place of 
the Sun, 'and of the obſerved Longitude of the Planet; alfo E $ T, the Difference of 
the truc: Place of the Earth, and of the Heliocentrick Place of the Planct. Laſtly, 
$T, the Diſtance of the Earth from the Sun : Therefore there may be found SE, r 
Diſtance of the Planet from the Sun, agrecing with ſuch a middle Anomal of the 
Planer, as it has at that time, and this in parts, of which the middle Diſtance of 
the Earth from the Sun amounts to 100900. Then ſu for a while the middle 
Diſtance of the Planet to be of 100000 parts, if according to the ſame middle Ano- 
maly you compute its diſtance from the Sun , you may then ſtate the Analogy or 
Proportion thus : As the diſtance of the Planer, laſt found, is to the diſtance that was 


—_— 


a. 


u 


found firſt; ſo is 100900 to the middle diſtance of the ſame from the Sun, in parts, 


of which the middle diſtance of the Earth comes to 100000. 
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PROBLEM XIX. 


To find the Nodes and greateſt Inclination 
of every Planet. 


PT WO Obſervations are to be pitch'd on, in which the Latitude of the Planct 

falls upon the ſame Quadrant of the Orbit : Forgthat you may not be igno- 
rant of it, there is from the Aſcending Node to the Nbrthern Limit the firſt Quas 
drant, in which the Latitude is the Northern Aſcendent ; from rhe Northern Li- 
mit to the deſcending Node, in the ſecond Quadrant, the Latitude is the Northern 


 Deſctndent; from thence to the Southern Limit the Latitude is the Southern De- 


ſcendent; laſtly, from the Southern Limit to the Aſcending N the Latitude 
is the Southern Aſcendenc ; Therefore at the rime of boch Olvts the _ 
centrick 


va The Theory of the Planets. - 


——— 1. Place of the Planet is caſie to be found by Calculation ; as alſo its Longi- 
eerie Ln that is found by Obſervation. And then from the Lacks oy 
" Iaclination you-may argue thus : As the Sign of the Angle to the Earth is to the 
F n of the Angle to the Sum; ſo is the Tangent of the obſerved Latitude to the 
Tangent of Aa, Ler theſe Inclinations or Diſtances of a Planet from the 
Ecliptick, beheld trom the Sun, be the Arches D A and G B in Fig. XLV. For 
EC repreſents the Ecliptick, whoſe Polesare FF; O R is the Orbir of the Planer 

ed in A, in the firſt Obſervation, and in_the ſecond in B; and & is the 
Fcending Node. Now 'tis certain, that in the Triangle A F B there are given AF 
and B F, the Complements of the Inclinations, as allo the Angle A F B which is 
the difference of the Heliocentrick Places of the Planer; therefore there will be found 
FAB—=8 AD. And moreover inthe Triangle 2 A D which is reftangular arD, 
there being given A Dand 2 AD, Q A cannot be unknown, which 1s the diſtance 
of the Node from the former Heliocentrick Place, nor the Angle A & D, the meaſure 


of the greateſt Inclination R G 
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PROBLEM XX 


To compare the Planets with reſpe& to their 
Bulk or Magnitude. 


rg nr Hugenins has done this as well as can be wiſh'd in his Saturnian Syſtem ? 
| thall therefore give the Reader his very words from Page 77 to Page 82, 
which run thus. Copernicus has _ us in his new and divinely invented Syſtem; 
what Proportion the Diſtances of all the Planets from the Sun have to another ; and 
tis known by the help of the Teleſcope, how much the Apparent Diametres of 
them are one bigger than another. The Proportions therefore being compar'd 
with one another; both of the diſtance and of the —— Magnitude, the true 
| _— of the Planets, both wich reſpeCt to one another, and alſo with reſpe& to 
- theSun, is thereby known. And as for Saturn, firſt the Diametre of his Ring, ſeeing 
in his leaſt diſtance from us it is contain'd in an Angle of ſixty eight Seconds, (for we 
find ſuch at the moſt;) and ſecing this leaſt diſtance of Saturn is to the middle diſtance 
of the Sun almoſt cight-fold ; it tollows, that if Saturn was as near us, as the Sun in 
its middle diſtance, then the Diamctre of his Ring would appear cight times as much 
x it now appcars; that is, nine Minurtes and four Seconds. And the Diametre of the 
Sun, in its middle diſtance, is thirty Minutes and thirty Seconds; therefore that will 
be really che Proportion of the Diamerre of the _ or Compaſs of Saturn to the 
Diametre of the Sun, which g Minutes and 4 Seconds have to 39 Minutes and 30 Se- 
conds; that is, almoſt of 11 ro 37. And the Diametre of Saturn himſelf, which 
I faid above is to the Diametre of the Ring as 4 tog, that is, almoſt as 5 to 11, will 
be ro the Diametre of the Sun little lets than 5 to 37. 

But now how great the Diametre of Saturn is, compar'd with the Diametre of the 
Larth cannot be to certainly defin'd. Aſtronomers do go this way to work to find 
It: They firſt bring the ſpace. between the Earth and the Sun to a certain number of 
the Diamerres of the Earch, and thence they colle& the ſought for Proportion of 
Magnitudes ; but in determining that ſpace berween the Earth and the Sun, they 
do vaſtly ditier ; and "tis no wonder they do fo, ſeeing no tolerable Method of meca- 
furing it has been as yet found : For whether they endeavour ro find it by Ellip- 
ticks, or by Dichotomies of the Moon, it might be eaſily ſhown, that they labous 
W vain, Wherefore to me there ſeems to remain this one way, Ill tell you, b 
Waich we may determine, probably at leaſt, concerning the bigneſs and diſtance of aff 
the Planers, with regard to the Earth. Let the apparent Diametres of the Planets 
be taken by the Teleſcope, and then by theſe let the Magnitude of every of them 
ompar'd to the Sun be tound out; { as I juſt now gave an Inſtance of Saturn; ) and 
when all things are throughly cxamin'd, let that Magnitude of the Earth with re- 
lpe&t to the reit be taken, which ſhall ſeem to beſt agree with the Order and fic Diſpo- 
lition of the whole Syſtem : So mo ou TOP of the Diamerres of the _ 
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and of the other Plancts to the Diametre of the Sun {ha;1! be determin'd ; and ir is 
ao 


moreover evident, how many of it's own Diametres the Sun is diſtant from us, to 
wit, by the Angle which it's Apparent Diametre docs fubrend ; chea the Grear- 


neſs of the Earth, compar'd to the Sun, will be known ; and together with that the 


Diſtance of the Sun, both from the Earth, and from the relt ofthe Planets, may be 
cſtimated by the Diametres of the Earth. This way therefore I think good tg go 
and therefore as I have juſt now compar'd Saturn with the Sun, fo 1 will make the 
like Enquiries as to all the relt. : ; 

The Diametre of Zutiter, when he is neareſt ro us, docs ro me (ſeem to be fixry- 
four Scconds : And ſeeing this Diltance of his is rothe middle Diſtance of the Sun, 


as26to 5; therefore if it be put, as 5 to26, lo G4 Seconds to the. other number; 
' then 5 minutes 35 Seconds will be found the Bignels or the Angle, which the Dia- 


metre of Jupiter would have, if it ſhould be 1magin'd to be as near us as the Sun is 
in its middle Diſtance. Now the Sun appears to be in. Diametre 30 Minutes and 
3 Szconds; wherefore that will be the proportion of Jupiter's Diametre to the Sun's, 
which 5 Minutes, 55 Seconds have to 3Þ Minutes, 30 Seconds, that 1s, a liule 
more than I to f :. DO 

| alſo accurately meaſur'd the Diametre of Venus by the Method I ſhall by an 
by Explain ; and 1 found that when ſhe is neareſt the Earth, it is no greater than 
cighty hve Seconds. Now this Dittance of /enus in her Perigee, to the middle gi- 
ſtance of the Sun rrotn the Earth, is as 21 ro>2, or thereabouts : Therefore «if YVenys 
thould be in the place of the Sun, her Diametre would appear to be only 21 Seconds, 
and 46 Thirds. Whence tis plain, that the Diametre of Yenus 15 to the Sun's Dia- 
metre, as 21 Seconds and 46 Thirds, ate to 39 Minutes and 3o Seconds, that 
15, aS 1 tO ©4. 

Jut as forthe Diametre of Mars, when nearcſt the Earth, I found it not tocxceed 
39 Seconds ; though not by fo exact Obtervation, as I usd in Saturn, 7upiter, and 
Venus ; becauſe I had not then found out its proportion at Marss ncarcſt Approach 
to the Earth: Whereforc ſceing the leaſt Diſtance of Mars istothe middle Diſtance 
of the Sun, as 15 to 41, the Proportion of the Diametre of Mars to the Diamrre 
of the Sun, is gather'd to be abour that of 1 ro 165. Lheretore this way Mars is 
made to be twice as little as /enus, as to his Diametre. And fo it is manifeſt, that 
in the Planets that Order is not kept throughout them all, that they that are far- 


 theſt from the Sun are alſo greateſt in Bulk; for even the Compaſs of Jupiter roo 


is found ro be greater than Saturn without his Ring. Whence it happens, that one 
catmot fo clearly make an Eitimate of the Proportion of the Earth to the reſt of 
the Planets: For if Bigneſs was to be attributed to them, according to their order, 
to that Saturz mult be bigger than Jupiter, Jupiter than Mars, Mars bigger than Yenus, 
and jhe than Mercury ; then one might indeed almoſt certainly gather, thar the 
Bignets of the Earth muſt be between Mars and /2nus : Bur fince the Contrary is 
found in ſome, it does not equally appear what is to be followed. Neverthelc(s that 
rhe Congruity of the whole Syſtem may be obſervd, as much as may be, it ſeems 
now to be molt agrecable to it, that as the Earth is for place in the mid(t berween 
Mars and Venus, 1o it 15 alfo in Magnitude. | have faid above, that the Diametre 
of /Mars is :- of the Diametre of the Sun, and the Diametre of Yenus to be +. 
T herefore reckoning the Diametre of the Earth to be between chele rwo; it mult be 
——- of the Diametre of the Sun. Now — of this arc found equal to the Diametre 
of Saturn ; theretorc the Dizinetre of Saturn will contain fifteen times the Diame- 
ire of the Earth; And the Diametre of the Ring of Saturn will contain the ſame 
D:ametrre of the Earth about thirty four times; whereby the greateſt Magnitude of 
thele Budics is known, which docs indeed much exceed all that has been hitherto 
deliver d by others. 

And hencealfo the Space between the Earth and the Sun muſt neceſſarily be made 
greater than all ſuppoſe it; For if the Liametre of the Earth contain ,*-- of the 
L1ametre ot the Sun, and the Diametre of the Sun cqual ; of its middle Di- 
ſtance tr2m us, (as it follows it muſt, becauſe it5 Diametre is obſery'd to be Jo Mt- 
nutes,and 39 Seconds,) then theDiametre of the Earth will certainly be ——5; of the 
Diſtance that 15s between it and the Sun. Again, ſceing the lealt Dittance of Satin 15 
almolt eighttimes as much as the middle Diltance of the Sun, therefore when S- 
turn is ncarclt the Earth, his Diſtance will be reckon'd to be 109344 of the Earti': 


Diamertc's; aud whea it is very far off, about 122200, 
CON - 
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| ] confeſs indeed, that theſe things are ſo far grounded upon a ſlippery Foundatiori 
in _— 4s we have taken the Magnitude of the Earth to be between thar of Mars 
and Venus, upon no other grounds but thoſe of probability, and ſo we may have 

erred ſome thouſands of Diametres from the true Eſtimate. But as we have 
now defin'd thoſe ſpaces to be rwice, or even thrice, greater or leſs than really they 
are ; yet it ought to be accounted no little thing, that we have thus far taken the 
meaſure of them, ſince there is no other way, in which ten times a greater Error is 
not to be fear'd ; for ſo I am clearly of Opinion : Bur as for the reſt of the Calcu- 
lation, by which we have compar'd the Diametres of. the Planets to the Diametre of 
the Sun, there is, you muſt know, nothing in it built upon conjefture, bur ir pro- 
ceeds upon ſuch things, as are grounded upon certain Reaſons. And fo theſe appa- 
rent Diametres of the Planets, which I have told you, have been'obſerv'd by me, 
being thus ſuppos'd, the Diametre of the Sun cannot bur be to the Diametre of the 
Ring that ſurrounds Venus, as 37to 11; and to the Diametre of Saturn himſelf, as 
37405; to the Diametre of Zupiter as 11 to2 ; tothat of Mars, as 166 to 1; to that 
of Fenus, as 84 to I As for Mercury I will determine nothing about him, before I 
haye exactly meaſured him ; which I1 have not hitherto been able to doe ſucceſsfully, 
both becauſe of the littleneſs of his Body, and alſo becauſe he is for the moſt parc 
found ncar the Horizon, where the Vapours that ariſe from the Earth by a ſort of 
trembling Refraction will not ſuffer che Compaſs of his Figure to be preciſely deter- 
mind. - Burt it's alfo farther maniteſt, that the Diametre of the Globe of Saturn has 
tothe Diametre of Zupiter the Proportion of 55 to 74; and that it does contain the 
Diametre of Mars more than two and twenty times, and is to the Diametre of Venus 
2534to 3. Alfo that the Diametre of Zupiter 1s more than thirty times the Diametre 
of Mars, and bur fifteen times more than that of Yenws; and laſtly that the Diame- 
tre of Mars is about ſubduple to the Diametre of Yenus. All which Proportions will 
remain fixt and ſettled, let the Diſtance between the Sun and the Earth be determin'd 
to be _ it will, if ſo be the apparent Diametres be held to be, as they are now 
dcliyer' 


SECTION V. 
Of computing the Motions of the Planets by Tables. 


Here are ſcarce any Tables give us a truer Calculatioa of the Moon and of the 
Eclipſes, than thoſe of Tycho Brahe ; bur to perfett it, there is alſo requird the 
Motion of che Sun : And therefore I - aig you out of Tycho, firſt, the Solar; ſecond; 
the Lunar, third, the Lune-Solar Tables. The Motions of the reſt of the Planets 
are beſt gatherd from the Rudolphine Tables, which Kepler compogd chicfly out of 
Lake obicrvarians but which I have brought into a more commodious form, a 
Fins the Divition of the Circle, and of the degrees, to Decimal parts. Yerthe Phi- 
ck and the Caroline Tables, do give us more rightly the Motion of ; be- 
cauſe the Authors of them were help'd by thoſe Obſeryations which Kepler had wiſh'd 
for in vain: Bur that I may not curtail, or blend the Labours of divers perſons, 1 


ſuppoſe it better to refer the curious Reader to the Authors now mention'd.. Yer © 


nr cm him take an Index of thoſe Tables, which I chought fic co ſubjoin co this 
or 


x. Tycho's Solar Tables. 


I. Tycho's Solar Epochz, according to the Meridian of Uleenburgh: 
Il. 4 Table of twenty expanded Years. 

. 4 Table of Months in a common Year. 
IV. 4 Table of Days. 
V. 4n borary Table of the Sun; 
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2. Tycho's Lunar Tables. 


VI. Lunar Epochz, inflituted by Tycho himſelf, ſerving for the ſour next following Agag; 

VII. 4 Tale of twenty expanded Years. | 

VIII. A Table of Months in a common Year. x 

IX. 4 Table of Days. 

X. An horary Table of the Moon. - Es 

XI. The Proſthaphzreſes of the Sun and Meon jointly ſheryn, with the Elongation of the 
Moon from the Centre of the Eccentrick. ; 

XII. The ſecond and third Proſthaphzrelis of the Mcon. 


3. Tycho's Lunz-Solar I ables. 


XIII Epochz, or Roots, for the Meridian of Friczland. 

XIV. 4 Table of twenty expanded Years. 

XV. A Table of Months in a common Year. 

X VI. The Canon of the Full and New Moons. 

XVII. A Table of Lunar Months. 

XVIII. The Redutfion of the Moon to the Ecliptick. : 

XIX. The Proſthaphzreſs or Equations of the Nodes of the Moon. 

XX. A Table of the Moons Latitude. | | 

X XI. A Table of the Parallaxes of the Sun and Mon in the vertical Circle, 

X XII. A Table of the Refraftions of the Sun and Moon. 

X XIII. A Table of the apparent Semidiametres. ; 

XXIV. A Table of the true horary Mution of the Moon in the true Syzyzres, and half a day 
before and after the Syz yaies. | | 


4. Rudolphus's Tables, calculated in decimal parts of a Circle and Degrees” 


XXV. The Epochz of the middle Motions of the Sun and Fixed Stars. | 

XXVI. The middle Motion of the Sun from Aries, in the expanded Years, Months, Days, 
Hours and Scruples. | 

X XVII. A Table of the Converſion of the decima! parts of a Circle into Degrees and decimal 


Parts of Degrees. 


 X XVIII. A Table of the Equation of the Centre of the Sun. 
- XXIX. A Table b the middle Motions of Saturn. 


AXAXX. 4 Table of the Equation of the Centre of Saturn. : 

XX XI. A Table of the Taclination of Saturn, and of his Reduttion to the Ecliptick. - 

XX XII. A Table of the middle” Motions of Jupiter. | 

XX XIII. A Table of the Equation of the Centre of Jupiter. 

XXXIV. A Table of the Tnclination of Jupiter, and of hrs Redudtion to the Ecliptick. 

XXXV. A Table of the middle Motions of Mars: 

XXXVI, A Table of the Equation of the Centre of Mars: 

XXXVIL A Table of the Inclination of Mars, and of his Reduion to the Ecliptick. 

XXX VIII 4 Table of the middle Motions of Venus. | | 

XX AXLX. 4 Table of the Equation of the Centre of Venus. 

XL. A Table of the Inclination of Venus, and of ber Redudtion to the Ecliptick. 

ALI. A Table of the middle Metions of Mercury. * 

XLII. 4 Table of the Equation of the Centre of Mercury. 

X LIII. A Table of the Inclination of Mercury, and «f his Reduftion to the Ecliptick. 

XTLIV. A Catalogue of the moſt eminent Fixed Stars. 

XLV. 4 Table of Declinations, and of the Angles of the Ecliptick and Meridian« 

X LVI. 4 Table of Right Aſcenſions. X 

XLVIL A Catalogue of Eminent Places, ſhewing their Merilian from Urenburgh, «vd [4 
mud: from the Aquator. 


Now follows the uſe of the Tables, ſhewn by Preceprts and Examples. 
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FROBLEM-HE 


To turn uſual Time into Aſtronomical. 


PHat uſual Time may be fit tobe admitted into the Tables, it ſtands inneed of a 
T threefold Correttion. 

1. The Current Day of uſual Time falls either into Biffextile or Leap-year, 
after February is compleatly at an cnd, or elſe upon ſome other time. In the former 
aſe, if the Hours given be in the Forenoon, let one be taken from the given 
number of Days; but if the Hours be in the Afternoon, let nothing be taken 
away, and you ſhall have the compleat Aſtronomical Day. In the latter caſe, 
ifche Hours be in the Forenoon, let two be taken from the number of the Days 
that are given ; bur if they be in the Afternoon, ler one be taken away ; and you ſhall 
have again the compleat Aſtronomical __ Now the Hours in the Afternoon rc- 
main as they were given, but to thoſe in the Forenoon the number of. ewelve is al- 
waysadded, and the Minutes or Seconds, @&c. being alfoadded, as they were given, 
there will appear the Aſtronomical Time; for Tychs's Tables change nothing in 
Years or Months, bur as both Current Months and Years are given, ſo alſo the Ta- 
bles exhibit no other: Bur the Rudolphine are compil'd according to complear 
Years and Months, and thoſe roo from the Julian Period ; wherefore when a Cur- 
rent Year is proposd, whether it be of a Julian Period, or from the Year of our 
Lord's Nativity, | my there always be one taken from it; and to the year of our Lord, 
after one has been taken away, let there be farther added the number 4713, that ir 
may be brought to the compleat "ongr of the 7ulian Period. And now the particulars 
| have faid of Days and Hours, let them be taken from Tycho's Solar and Lunar Ta- 
bles, and alſo from the Rudolphine : But alſo in the Lune-Solar Tables of Fycho, 
you mult cautiouſly obſerve, that in every Leap-year, after February is at anend, you 
always take one from the number of the Days that is found; but ar all other times, 
that you take away nothing; and then will be evident the Current Day of the mid- 
de Syzyzy, with che Hours and Minutes of the ſame day that arc paſsd after mid- 
night, Wherefore if you examine any —_ by the Solar and Lunar Tables, you 
muſt compute the Hours and Minutes from Noon-day, adding 12 hours, if they are 
inthe Forenoon, and caſting away one from the number of the days, that the com- 
pleat Aſtronomical day may remain : Bur if the Hours be in the Afternoon, then 
«nothing be taken from the number of the days before determin'd; but from the 
hours that were before computed from Midnight, let 12 be taken, that now they 
__ compured trom the middle of the compleat Aſtronomical day, as | intima- 
ted aboye. 

2. Again, Time is to be'cquall'd juſt the ſame way that I raughe above in the lit- 
tle Treatiſe I inſerted concerning my new Method, by the help of a twofold Ta- 
ble, which is there given; bur this muſt be done with this Caution, that as often as 
the Apparent Time ( which is what is commonly cxhibited) is to be turn'd into 
Aſtronomical, you muſt always take away 7 Min. 53 Sec. after you have done all 
the reſt ; bur on the contrary, when the Aſtromical Time is to be turn'd into Ap- 
parent, you muſt add 7 Min. 53 Sec. beſides all other things: And you muſt know 
thatthis holds as well in the Solar Tables of Tycho, as in all the Rudelphine, but in 
the Lunar and Lune-Solzr Tables of Ticho, only the firſt part of the Table of the 

Equation of time is to be made uſe of, raking no notice neither of che ſaid 7 Min. 
and 5 ; Seconds. 

3. Farther, the time of cycry place is to be reduc'd to the Meridian of the Tables, 
y the help of the Catalogue of Places, which follows the Series of the Tables, For 

thoſe places which are more Eaſtwarſt than Urezburgh, will ſubtract the Minutes ex- 
preſs'd in the Catalogue from the Hours and Minunes that are given, bur rhoſe that 

are more Weſtward will add, that the time may appear which agrees with the 
cridian of Urenburgh. And this likewiſe holds in Tycke's Solar and Lunar Tablcs, 
and in all the Rudolphine; but the Luue-Silar Tables of Tycho, ſeeing they were 
ited to the Meridian of Friez/and, which is diſtant from Urenbureh Weltward, hour 
0. mn. 25. you mult firit of all add always to the crime of the Syzy2y, when _—_— 
| 52 Min- 


$06 
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' 25 Minutes, and then you will have the time aecording tothe Meridian of Vrenburgh 


to which you muſt afterwardsadd or ſubtraft the minures found for any other place 
in the Catalogue, juſt the ſame way that I ſhew'd before. 


"—IS 
— 


PROBLEM I. 


To compute the place of the Sun by Tycho's 
| Solar T ables. 


N the Year 1662. inthe Month of March, let the Apparent Time be given, 8 cur: 
rent or common days, 2 hours in the Forenoon , and 29 minutes, at London ; at 


' which time we are to find the true place of the Sun. T he uſual time given, being 


turn'd by the foregoing Problem into Aſtronomical, 1s the year of 1662, 6 complear 
days in the Month of March, 15 hours, 17 minutes, and 40 Seconds. For ſeeing the 
time given docs fall in Leap-ycar, after February is ended, and the hours being in 
the Forenoon; I take two from the given number of the days, þut to the hours (be- 
cauſe they are in the Forenoon ) I add twelve; ſo thence come fix complete days in 
March, fourtcen hours, and twenty nine Minutes ; then with the true place of the 
Sun, 21z. rwenty ſeven Degrees, and fifty two Minures of X, I take ( out of the aboye 


'written Tables ) the firſt part of the Equation of Time, 243. Min. o. Sec. 43. A. and 


with the Anomaly of the Sun, which is 8 Signs, 19 Deg. and 25 Min. Itake the latter 
of the Equarion of Time, that is, 7 Min. and 5o Sec. A. TI herefore the abſolute 
Eouayon of Time is 8 Min. 33 Sec. A. whence being caſt (as is always to be done) 
Min. 53 Sec. there remain Min. o. Sec. 40. A. Whereforcthe cquall'd time forthe 
cridian of London is 6 complete days of March bs hours, 29 Min. 40 Sec. Laſt- 
ly. in the Catalogue of Places, ( Table XLVII. ) I find the differences of the Me- 
ridians of London and Urenburgh to be 48 Min. that London is more Weſtward ; which 


- being farther added, the equall'd Time is made up for the Meridian of Urenburgh, as 


_ aid aboyc, with which I go to Tycho's Solar Tables, ſetting the Numbers as 
ollows : 


I —————— ow HM, 


$—— — a  —— 


[ | The Sur's Motion. | Anom. of the Sun. q 
Si. de. min, ſec. | Si. de. min. ſec.) | 

| 160t [09g 20 55 | 06 15 15 27 Tab. I. | 
&@ 100 00' 275 43jIt 20 42.43 II. 
| 3|11 29 45 4i| 11 296 44 55 I 
Mart. | ox: 28 59 11]or1 28 og o4 HI. 
] d. 6] oo o5 o4 5of oo of 54 50 IV. 
h.isl oo oo 36 58] oo oo 36 58 V. 

j mM. 17] 00 ©O Oo 424500 OO OO 42 V. |. 

{. 494 02 O0 ©0 02|92 on O09 O2 V. i; 
jJ11 25 50 191098 19 24 4 


——— ————— ——— —— — 


'With the collefted Anomaly of 8 Signs, 19 Deg. 24 Min. 41 Sec. I take out of 
Table XI. the Proſthaphereſis of the Sun 2 Deg i Min. 51 Sec. A. which being alſo 


added ( as the Title direQts) to the middle Motion, which is 11 Signs, 25 Deg. 
5O Min. - 2 it makes the true Place of the Sun 11 Signs, 27 Deg. 52 Min. and 
IO JCCONds. "Yg 


PRO: 
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FROB LEM uh 
Tg compute the Longitude of the Moon. 


N the Year of our Lord 1587. on the eighteenth of Auguſt, current day, ſeyen 
[ hours and wwenty five Minutes after Mid-nighr, the true Place of the Moon was 
by Thch»'s Inſtruments obſery'd to be rwenty {1x Degrees and twenty three Minutes in 
Gemini, Firlt there is to be found ar the time given the true Place of the Sun by the 
foregoing Problem. Now the Aſtronomical Time that is fitted for that is che year 
1587. Azguſt, tixteen Days, nincteen Hours, and eighteen Minutes, and the mid- 
die Place of the Sun is five Signs, five Degrees, fitty Minutes, twenty one Seconds. 
Now the Anomaly is two Signs, o Degrees, rwenty Minutes, four Seconds z to 
which anſwers the Proſthapherejts, one Degree, forty five Minutes, nine Seconds S. 
Wherefore the true Place of the Sun is four Degrees, five Minutes, twelve Se- 
conds m. Then the ſame time thar is given is to ke adapted according to the Lunar 
Tables; and it becomes Aſtronomical, the Year 16>S7. Auguſt, f1xteen Days, nine- 
teen pars, (Ong two Minutes, and thirty feven Seconds ; with which 1 go to 


the Lunar T ables, placing the Numbers as tollows : 

po = Lons. of the Moon 4 The Anomaly of | The Motion of the 
| from the Sun. the Moon. | Lat. of the Moon. | 
| ! Sj. de. min. ſec. | Sig. de. min. ſec. | Si. de. min. ſec, || 
Tab. VI. 1591 4 22 13 19|19 11 59 11 to 16 47 17 | 

VII. 8515 23 39. 07 | of VB a nto 11 29 49 

VII 612 09 55 43! 06 of 2 a816 of -29-5 

VIII. ; Aug. | 2 04- 26 19408 oo 46 35io 14 37 207, 

IX. 1 d.46 1 6.-15. 03 . 07] 06 - 29: aa of a= 
X.ijh.1g 10 C9 39 04100 10/ 20 35]o 10 28 25 ji 
X.| 1.32439: 90 06. 15, 00 00, 10 © ROSS 

| X. | ſec.37 | © oo 00 19] 00: 00. ©& W]o oo onas 
9 23 13 13101. 15 pls coo rae 


| c———_—— —— 


With the Anomaly of the Moon, 1 Sig. 15 Deg. out of Tab. XI. I take the Pro- 
fatherefis 3 Des. 26 Min. 59 Scc. and for 37 Min: 2g Sec. I gather the proportional 
part, 2 Min. :-7 Sec. to be added, that the Proſthapherefis may anſwer the whole mo- 
tion of the Anomaly, 3 Deg- 29. Min, 16 Scc. S. And to the-ſame Anomaly does 
there anſwer the Elongation of the Moon from the Centre of the Eccentrick 102217, 
which is in Fig. XX VIL the LineE e, for that Figure is accomodated to this Cal- 


Cculation, 


Then to the Motion of the Sun from Aries add the Longitude of che Moon from 
tie Sun, 


Sig. Deg. Min. Sec. 


The middle Motion of the Sun Qs of - $0.20 


The Longitude of the Moon from the Sun Og 25 13 13 

The middle Diſtance of the Moon from Aries oZ ol OJ 34 

The Epicyclical Proſtaphereſis 00 03 29 16 $8 
The Diſtance of the Moon from Aries firſt cquall'd 02 27 34 18 
The true Motion of the Sun OJ O4 ©5 125 SUM: 
The almoſt true Diſtance of the Luminarics og 23 29 06 


'The ſame doubled 07 16 58 13 
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To this double diſtance of the Luminarics does anſwer the Motion of the Centre 
of the Eccentrick in the lirtle Circle, ſuch as is the Circumference A LE in the Fij- 
gure mention'd. With that Circumference therefore go to Tab. XI!. where you 
ſhall find, agrecing with 7 Signs, 17 Deg. the Eccentricity 3987, which is the Line 
AE; as allo the yariation of the Centre of the greater EpicyFc, agrecing with 
29 Min. 36 Sec. $. The Exceſs of the Circumfcrence A LE above the Semicircle 
is 46 Deg. 58 Min. 12 Sec. the half of which, 2:3. 23 Deg. 29 Min. 6 Sec. is equal 
to the Angle EAH or BER, which is call'd the Angle of the fecond Equation. For 
the Angle BE C is the ſimple Anomaly, B E e is the Anomaly firſt equall'd, and 


'R Ee is the Anomaly a ſecond time equal'd : Therefore from the 


Ste, deg. min. ſec. 


Middle Anomaly BEC ot: xF- 37 29 
Take away the Epicyclical Proſthapkerefis CE 02 03 29 16S. 
There reſts the Anom. firſt equall'd BE ot 12 o8 13} 

Take away again BER OO 23 29 05 
T here reſts the Anom. a ſecond time cquall'd R Ee CO 18 38 07 


Thus then there are given in the Triangle AE e the two ſides Ee 102215, and 
AE 3987, with the External AngleR Ee; And fo by Trigonometry will be found 
way jy bapherefis of the Eccentricity Ae E 41 min. 21 tec. which is to be ſub- 
tracted. 

We have therefore now three Proſthaphereſes of the Moon. 1 The Epicyclical, 
which is of 3 deg. 29 min. 16 ſec. S. 2. Thar of Eccentricity which is of © deg, 
41 min. 21 fc S. 3. That ofthe Variation, viz. 29 min. 36 ſec. $. Which ſince 
they arc all of the ſame ſort, to wit, cach of them ſubtraQtive ; therefore being 
added into one Summ,they make the abſolute R—_— of the Moon 4 deg. 49 
min. 13 ſec. which is to be ſubtrated from the middle Diſtance of the Moon bc- 


fore found. 


Sig. deg. min. ſec. 


The middle Diſtance of the Moon from Aries | 03 OI 03 34 
The Abſolute Profthaphereſis OO O04 40 1358S. 
The Remainder will be On 26 23 21 


Which is the true Diſtance of the Moon from the beginning of Aries. Laſtly, the 


. middle motion of Latitude being equall'd by the ſaid Abſolute Proſthapherejis, the 


rrue middle Motion of Latitude will be then given. 


| " Sig. deg. min, ſeci 
The middle motion of Laticude og oo 57 18 
The Abſolute Proſthrapdh oo o4 4o 13S. 


=» -——— {—<@_W———ow_—_—_ OC 


The true Motion of Latitude 08 26 17 o5 


With which the Table of Reduction, 243. the XVIII is to be gone tro, whici 


will afford 54 ſec. to be ſubrrated, that the true place of the Moon 1n the Ecliptics, 
viz. Þ 26 deg. 22 min. 27 ſec. may agree exattly enough with Obſeryation. 


g 


part V. | The Theory of the Plenis 
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PROBLEM IV. 


To Compnte the Time of the middle Syzygy by the Lunx- 
Solar T ables, and the middle Motions which agree with 
that time, viz. The Anomaly of the Sun, the Anoma:- 
ly of the Moon, the Motion of the Moows Latitude, 
and the Suws Motion from Aries. 7 Io 


AS for Inſtance, ler the thing age fot be the Time of the Full Moon, which 
* happens in the year 1656 in the Month of Zanuary, together with the middle 
Motions, that agree with thattime. Ler the numbers be taken our of the XII; 
XIV. XV. XVI. and plac'd as follow, | 


CG 


— —  ——— — ___7 JP 


—  — — — f_w__o_———_— 
mp ena 


| | [The Ano- (The Ano- |Motion of |Motion of 
| The Epadt. \maly of the |maly of the |the Moon's |Sol from | 
[Sux, \Moon. _ _|Latitude. Aries. 
| D. ho. mt; ſec. Sz. de. mi.ſec. St. de. m. ſec.\Si. de. mi. ſec. 91. de. mi. ſec, | 
| 16010520 11 45/06 08 92 2001 2448 14100 Ol 53 27/99 13 42 og Tab. XII. 
4921 21 18 08/11 £8 14 07005 03 26 39901 28 14 2411 O8 44 o5 XIV. | 


151420 10 18/1 14 33 42093 09 Of 12/99 04 02 511 I4 44 56 XIV. 
Jan. 00 99 00 0900 09 20 ©0090 09 09 0950 OO OO 20,00 OO O00 09 XV. 


— _——  «—_ | 


43134011 . 
45 07 0505 or 13 39 3197 08 43 3907 1600 2101 13 39 36, XVI, 


— 


—— __—_ — CG —— I C——_. ————_ RO _— Rk | CES — — 


Jan. o1 17 25 54 06 14 29 4005 13 03 26.95 23 11 030920 Jo 41 


——— OO — ———_ ____———_— ——  _— , —, 


Let the Epadts that are taken out of che XIII. XIV. XV. Tables be gather'd into 
one Summ, which will here be 43 days, 13 hours, 4o min. 11 ſec. With this Summ 
of the Epadts go ro the X VI, which is the Canon or Rule of Full Moon and New ; 
and ſeeing the Full Moon is fought for in this place, the Number of days , thar is 
next of all greater or above our Number, and that anſwers to the Full Moon, is 
tound to be 45d. 5 h. 6 min. as which I write out, together with the mid dle 

otions. that are in the ſame Diviſion ; and ehe Epatts before gather'd from the 
Time writ out, I take away, bur collect all the middle Motions into one : So there 
appears the Time of tlie middle Full Moon, 7ar. 1 d. 17 ho. 25 min. 54 ſec. and 
the Anomaly of the Sun, that agrees with that moment of time is Gig. 14 deg. 
29 min. 40 lcc. oc. | 


DIET 
mY =y 


PROBLEM YV. 


Any Year being Proposd, to find out the Months and Days 
in which Eclipſes of the Sun or Moon may happen. 


THe Full Moon may be Ecclips'd, when in the Time of the middle Syzygy the 
Motion of the Moon's Larirude is between 11 Signs, 14 Degrees, 48 Minutes, 

and 9 Sig. 15 Deg. 12 Min. And alſo berwcen 5 Signs, 14 Deg 48 Min. and 6 Sig. - 
15 Deg. 12 Min. And the New Moon _—_ —— the Sun, when in the rtime of 
| the 
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the middle Syzygy the Motton of the Moon's Latitude is between 11 Sig. 18 Deg. 
28 Min. and 0 dig. 20 Deg. 41 Min. As allo betwcen 5 Sig. 9 deg. 19 min. and 
6 ſig. 11 deg. 12 min. And now let the year propos'd be 1698, I would know, wha: 
Days and Months of this year there will happen any Eclipſes : For ſince the Ar- 
gument of the Eclipſe is taker} in chis place trom the middle Syzygy of the Lumi- 
naries, it is not neceffary, that therefore we muſt needs conclude, that there will cer- 
tainly be an Eclipſe of the Sun or Moon. For it may be, that the Moon, which ar 
the time of the middle Syzygy was within the Bounds of Eclipſing, may ar the 
time of the true Syzygy, be either not come to them, or may be gone beyond them 

according as the true Syzygy either gocs before or follows the middle one. An 

therefore we only ſay, thar it is poſſible, that when the Moon is within the Boungs 
before mentioned, there may be an Eclipſe of the Sun or Moon: * But whether it be. 
to be certainly expetted, is to be learnt from the Time of the true Full Meon in 
a Lunar Ecliplc, or from the time of the Apparent Conjun&tion in a Solar one, 
Let us therefore firſt of all enquire, what days of the year mention'd a Lunar Eclipſe 
may be ſuſpeCted ro fall. .Wheretore by the Method deliver'd in the Fore-going 
Problem 3 let the time of the middle Full Moon be ſought for, that happens 1n the 
Month of January, together with the middle Motion of Latitude thar agrees 


w.th it. 


—— — cy \ CY VE  C——_ 


| Motion of the Mcon's | 
The Epact. Latitude. | 


: D. ho. min- ſec, Sig. deg. min. ſec. 
| 1Gor | 06 20 II 43 OO OI $3: 37 | 
601.03 -07 13 __O7 | 02 17 20-0 
EL a F1--36 
972 62 en 


| 1668 


= 


EI 
- - 


— — — 


03 27- 9 3s | 


ſ 


= 13 0: | 


L235 Of .c6 of For 16 09 21 


OOO OO ————o—_ _ ———Y en wm 


02 03 | of "82 


——__ 


—  ——_ —————Q —-—-kcqcqckcqc-—-—w-qq__-.-.-—_ 


January | 18 18 49 43 


— 


The firſt middle Full Moon of the ſaid, Year, is found to be Jan. 18 d. 18 h. 4 
min. 43 ſec. and the Moon's Motian of Laticude 2 lig. 3 deg. 5 min. 33 ſec. which 
is evidently out of the Bounds of Eclipling; whence 'tis plain, that no os Eclipſe 
is to be expetted that Month. And ſecing the Bounds of Eclipſing next following, 
which are above laid down, are theſc, zz, 5 ig. 14 deg. 48 min. which is that 
on this {ide; and the farther, that is beyond, Glig. 15 degr. 12 min. Therefore 
it is no difficult Thing to gather from hence, how much the middle Motion of La- 
ritude above is diſtant from cach of theſe Bounds, 


| ; Sig. deg. min. Si. de. mi. 
From each of the ſaid bounds O05 14 48' ando6 1512 
Take the Motion of Latitude before found O2 OZ o©O6j; 02 03 06 


Therereſtsthe diſt. of 2 from the Bounds of Eclipling 0z 1x 42 | andog 12 26 


With both theſe Diſtances go ro Table the XVII. which is of Lunar Months, 
ſeeking there under the Title of Motion of Latitude the Number which is between 
the 3 fig. 11. degr. 42 min. that were juſt now found : And you ſhall find 4 fig. 2 deg. 
4 min. 56 ſec. the number, that anſwers the four Lunar Months, and ſo the Time 
that agrecs with ſo many Months. 118 d. 2 h. 56. m. 13. Sec. Therefore to the time 
of the firſt Full moon, that was found, add the time of four Months, and to the 
Motion of Latitude of that time reckon the Motion of Laticude of theſe 4 Months. 
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Sig. deg. min. ſec. 
Jan. 18 18 49 43 |o2 03 05 33 
118 02 56 13104 o2 40 56 


P ——________——_— ———— — —— ——— 


136 21 45 561] 96 o5 46 29 


D. ho. min. ſec. 


here appears the Current Day ftom the beginning of the Year, viz. 136 d. 
—_ ark ſec. And the Motion of Laritude, that anſwers the faid h Bo. viz. 
6 lig. 5. deg; 46 min. 29 ſec. Which ſecing it is between the Bounds of Eclipling be- 
fore ign'd, we gather thence thar it is poſſible an Eclipſe of che Moon may happen 
x that time. And if you enquire farther, what day and of what Month, that day 
Searching in the little Table which is added, and thar in the little Colume of 
Ic2 -ycar (becauſe the year 1668 is ſuch) the number of days that is the next num- 
ter fefs than that which was before made up by Addition ; which is here found to 
1« 121. This therefore if you rake from 1 136 ys, there remains the Current day 
of May, viz. The 15 d. 21 h. 45 min. 56. ſec. upon which we-ſuſpett an Eclipſe of 
he Moore may happen. Bur now whether it will certainly be or no, and whether 
will appear in our Horizon, will be chen manifeſt, when we haye found our the 
ime of the true Full Moon by the following Problem. 


| Months com- | Days collefed into | 
plete. | | 
| 7 A mann Leap-Year, | 
[ ET Co NY ET 
anuary 2 31 
1 =_ | 59 | GO | 
| March 99 | gl q 
| April 120 28 - | 
- 4. - May I ' 152 | 
June or. | 9} 
POET» —aanteds | —_—  Q_— —_—c— . 
July | ans 5. 
| Augult | 260 - 2 244 | 
| September | 273 274 |} 
| October 304 395 | 
November 334 | 335- - | 
| December |® 365 366 | | 


Bur if you farther deſire to know the time of the other Eclipſe of the Moon, that 
will be ſeen the ſame year, (if the true Motions will allow of it,) you muſt add to 
the time juſt now gather'd, the cime of 5 or 6 Lunar Months, and to the Motion of 
Laicude, the Motion that anſwers ſo many Months ; fo that the Motion that 1s 
made up of both, may at length be within the Bounds of Eclipſing. 


Moons Mot. of Lat. 
D. ho. mn. ſec. [5 . deg. man. ſec. 
The time of the firſt Eclipſe of Þ 136 21 45 5G ! O05 40 29 
The time of 6 Months Þ 177 O4 24 I9 106 04 Ol 23 


314 02 10 15100 Og 47 5> 


There then appears the Current day from the beginning of the year, viz; 314 d. 
2h. 10 m.. 15 ſec. which day, according to the little Table fore-going, talls in with 
the gth of Novemb. Current 2 ho. 10. min. 15 ſec. And the Moon's Motion of Lati- 
tude, 2x3. © ig. g deg; 47. Min. 52 (cc. is w—_ the bounds of Eclipling ; wane 

2 col 
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] conclude, that on that day an Eclipſe of the Moon may happen, if the true Mo- 


tions agree to 1t. | : 

And we may alſo ſeck for the gens of the Sun the ſame way. For if from the 
time of the firſt Full-Moon, which happens Zan. 15d. 13 h. 49 min. 43 ſec. you 
take the time of half a Lunar Month ; you ſhall have the very «minute of the firſt 


middle New-Moon. 


| D. ho. mri. ſec. | Sig. deg. min. ſec. 
Jan. 181846 43Zlo2: 0} of 33 
Half Month 14 1822 02] 6 15 20 7 


| The Moon's Met. of Lat. 


Jan. 040027 41 | 7 I7 45 26 N 


The firſt New Moon of the Year 1668 is Zan. 4d. 0h. 27 min. 41 ſec. and the 
Motion of the Moon's Latitude is7 1ig. 17. deg. 45 min. 26 ſec. which becauſe it is 
our of the Bounds of Eclipſing, it 1s to be taken from the Bounds that next follow, 
of which thar on this fide is 11 fig. 18 deg. 38 min. and that beyond is 0 fig. 


20 deg. 41 min. 


Sig. deg. min. ſec. | Sig. deg, min. ſec. 
11 - 18-38 00]20 20 41. 00 
O7. I7 45 26 | 07 7 45 39 


— _—— —— __—_— - 


04 ©2 52 34| o5 02 55 34 


Then in Table the X VII. under the Motion of the Moon's Latitude, let the num: 
ber be ſaught for, that is berween theſe two Jaſt; which is found to be 4 fig. 
2 deg. 49. min. 56 ſec. which agrees with 4 Lunar Months. Therefore now 


co the 


The Moon's Mot. of Lat. 

|  D. ho. min. ſec. | Sig. deg. min. ſz. 

Time of the firſt Full Moon -4 09 27 41 | © iI7 45: 26 
Add the time of 4 Months 118 02 55 13 [04 o2 4o 56 


122 33 23 54[11 20 20:22 


T hen appears the current __——_ the beginning of the year, viz. 122, which, 
according to the foregoing little Table, falls in with May the 1 d. 3 h. 23 min. 54 ſec. 
. And the 's Motion of Latitude 11 fig. 20deg. 26 min. 22 ec. is within the 
Bounds of Bepong- Wherefore we ſay, on the firſt of May an Eclipſe of the Sun 
may _ Then 6 Lunar Months being added, there is found the time of 
another Solar Eclipſe. 


| The Moon's Motion of Lat. 
| D. ho. min. ſec. | Sig. deg. min ſec. 
The time of the firſt Eclipſe of the Sun 122 03 23 54j1i1 28 
6 Lunar Moat 177 O4 24 06 


PRO: 


The Theory of the Planets. 


PROBLEM VI. 


To find the time of the true Syzyey. 


W E muſt firſt have foutid by Problem IV the time of the middle Syzygy, toge- 
ther with the middle Motions that agree with the ſame time. And when the 
Syzygy is not liable to have an Eclipſe in it, or we are not ſolicitous to examine an 
Eclipſe thgroughly, then the Motions of the Sun's and Moon's Anamoly are ſuſhi 
cient: But when we have a mind to enquire into the Quantity, Duration, Beginnin 
andEnding of an Eclipſe,we mult take in alſo the Motion of the Moon's Locked and | 
the Motion of the Sun from Aries. Let us now re-afſume the Example usd in 
the Problem, where it was found, that the farſt middle New-Moon of the year 
1656 was Zan. 1 d. 17 ho. 25 min. 54. ſec. and at the ſame time | 


Sig. deg. min. ſec. 

The Anomaly of the Sun oo 14 29 40 

of the Moon O5 13 0J 26 

The Moon's Mot. of Lat. o5 23 11 03 

The Mox. of the Sun from Aries Og 20 5o 41 


Now 'tis here apparent, that the Moon's Mot. of Lat. 5 ſig. 23 deg. 11 min. 3 ſec. 
falls within the Bounds of Eclipling, whence we ſuppolethat an Eclipſe of the Moon 
may happen. But that we may be more certain of this, we muſt now inquire 
incothe exact time of the true Syzygy. With the Anomaly of the Sun G6 ſig. 14 
deg. 29 min. 49 fec. take out of the I Table the Profthaphereſis of the Sun, 31 min. 
57 ſec. A. And with the Anomaly of the Moon by the ſame Table is found the 
Moon's Proſthaphereſts, 1 deg. 29. min. 55. ſec. S. And ſeeing the Prothaphereſes are 
of a different kind, the one to be added, and the other to be ſubtrafted, the ſumm of 
them affords the Diſtance of the Luminaries 2 deg. 1 min. 52. ſec. Bur it they were 
either both ro be added, or both to be ſubtratted, then the difference of the Proſtha- 
thereſes would give the Diſtance of the Luminaries. And now with the diſtance of 
the Luminaries juſt now found, 2 deg. 1 min. 52 fec. go to Table X, which is the 
Moon's Hour Table : And under the Title of the Longitude of the Moon from the 
Sun, ſeek for the number, that next of all agrees with that number, and there you 
will find 2 deg. 1 min. 54 fec. and over againſt it in the firſt Colume4 hours, whence 
it is manifeſt, that the Moon may in the next 4 hours exceed in her middle motion 
that ſpace ſhe is diſtant from the Sun at the time of the middle Full-Moon. And 
therefore there is almoſt the ſame ſpace of time between rhe middle and 
the true Syzygy, and it is call'd the Proſthapheretical Time, becauſe it is wont ſome- 
times to be added to, ſometimes to be raken from, the Time of the middle Syzygy, 
according as the Moon at the time of the middle Syzygy has cicher as yet not over- 
taken the Sun, or 1s paſt by it. Which thing is not hard to be gather'd from the 
Nature of the Proſthaphereſes: For ſecing at the time of the middle Syzygy the 
Lines of the middle Motions of the Sun and Moon are join'd, the Proſthaphereſes 
ſew how much the Lines of the true Motions do decline from them : And the 
Title of the Proſthaphereſes, (Add, or SubtraR,) ſhews whether the Luminary be be- 
hind or before them. In our Example the Froſthaphereſis of the Sun is to be added; 
therefore the Sun is beyond the Lines of middle motion, that is, in the following 
_ ; and the Moon's Projthaphereſis being to be ſubtracted, argues it to be on this 

e, Or in the Anrecedent Signs. Theretore the Moon has nor yet overtaken the 

n by its true Motion, and the true Syzygy follows the middle one almoſt 4 
hours. And theſame alſo holds true, when the Proſthaphereſis of the Sun an 

o0on are both of them to be added, and the Sun's is the greater; or when they 
are both co be ſubtrafted, and the Sun's is the leſs. For in every of theſe Caſes 
the Moon is on this fide the Sun. Bur on the contrary the rrue Syzygy goes be- 
fore the middle one, when the Proſthaphereſis of the Sun is to be ſubtrafted, and 

Moon's to be added ; or when the Proſthathereſes of the Sun and Moen are ci- 
ther both to be added, and the Moon's is the greater, or elſe both to be —_—_ 
| cd, 


— 
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ed, and the Moon's is the lets. For 11 cach of theſe Caics the D10ON iS gone be- 

ond the Sun. Now-though by this firſt way ot working the Pr./.hapheretica] Time 

bo found to be about four hours, yet ifthe qa: > wr be repeated tWice aid aga in, 
- jt will be found, that 20 Minutes are to be taken from that Summ ot four hours, 
which 1 thus find our. To the Proſthaph.er-tical time of four hours docs anſwer Gin 
Tab. V. which is the Sun's Hour-Table ) the Anomaly of the Sun g lin. 51 Sec. and 
to the ſame Proſthapheretical Time does agree (in Tab. X. which is che Moon's gy. 
Table ) the Anomaly of the Moon 2 Deg. 10 Min. 3g Sec. Now let theſe Portions 
be added every one to its own Anomaly, that 1s before tound ; let them be added. | 


ſay, becauſe the true Szzgy follows. 


Sun. loon. 
Sig. Deg. Min. Sec. | Sis, Deg. Min. S-c 
Ar the time of the middle Full Moon 00 14 29 40|05 13 03 426 
For the Proſthapheretical time of 4 hours 00 00 og 51 | 02 10 3g 


The Anomaly of the | The Pale the 


A__—  RX=—— G——— — — c_—_— 


The time of almoſt the truce Full Moon. 06 14 39 31]95 I5 14 o5 


And to theſe Anomalies do now anſwer the Proſihaphereſes out of the XI Table, 
the Sun's of Z2 Min. 18 Sec. A. and the Moon's of 1 Deg. 18 Min. 25 Sec. S. Wherc- 
fore the diſtance of the Lines of the middle Motion of s Deg. 5o Min. 43 Sec. And 
farther in the Tab. X. the Longitude of the Moon from the Sun, that is next of all 
"Iefs, is 1 Deg. 31 Min. 26 Seconds, anſwering to three hours. 


| Deg. Min. Sec. 
The diſtance of the Lines of middle Motion or 50 43% 5.4 
The Long. of the Moon from the Sun next of all leſs Ol 31 32 [. 


_ 


The Remainder is | OO 19 17 


To theſe remaining 19 Min. 17 Scc. that are found in the ſame Table under the 
Title of the Longitude of the Moon from the Sun, do antwer next of all 3$ Min. 
Therefore the truer Proſihapheretical Time is 3 Hours 38 Minutes. Now why we 
chink this Proſthapheretical T ime of } Hours 35 Min. to be truer, than that which was 
firſt found, 213. of four hours, .it will be worth our while to know. For although 
at the Time of the middle Syzyzy, the Lines of the true Motions of the Sun and Moon 
are diſtant cxatly 2 Deg. 1 Min. 52 Sec. as was found above. and alſo four hours 
after, whicn the fo of the true Motions arc almoſt joyn'd, the Lincs of the mid- 
dle Motions arc almoſt diſtant, as much as theſe Proſthaphereſes did juſt now intimate, 
viz. 1 Deg. 5o Min. 43 Scc. Yer if we conſider, that when we did at firſt feck the 
Proſthapheretical Time, we usd the middle Motion of the Moon's Longitude from the 
Sun, or the cquable Motion, which we were forc'd to doc; becauſe the Progreſs of 
the cruc Lines 1s inconſtant, and changes every Moment; whereforc it is no wonder, 
if che Lines of the true Motions ( though they be really diſtant 2 Deg. 1 Min. 52 Sec.) 

ct do nor get over the ſpace of that diſtance in four hours, as the. Lines of the truc 
otions would indecd do, if they were fo far diſtant. But now on the contrary, at 
the rime of the true Sy2ygy, when the Lines of the true Motions arc joyn'd, the Lines 
of the middle Motions are nogernee diſtant, as much. as the Preſthaphereſcs declare, 
21%. 1 Deg. 5o Min. 43 Sec. and when the Lines of the middle Motions go on equally, 
and according ro the numbers cxpreſs'd in Tab. X. it is plain, that they will pals 
over as much ſpace of Diſtance, yp 1 Deg. 5o Min. 43 Sec. in altogether as much 
ſpacc of T ime, 27; in 3 Hours 38 Min. and fo will come to be joyn'd together; 
that is, berween the time of the joyning of the Lines of middle Motion, and the 
mecting of the Lines of the true Motion there muſt be 3 Hours, 38 Min. And this 
would plainly happen, if the Lines of the true Motions were then cxattly joyn'd, 
when the muta q, A and Preſthaphereſes were ſuch as we haye now-made uſe of, But 
becaule they are even then diſtant ſome little ſpace, it is neceflary to uſe a third way 
of working it. For we know, that the more exact ſpace between the middle S)2)2y 
and the true is 3 Hours, 38 Min. in which ſpace the Anomaly of the Sun goes on 
S Min. 57 Scc. and the Anomaly of the Moon 1 Deg. 58 Min. 40 Sec. which Port 
Os 


br 
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ons are again to be added to tlic Anomalics that were firſt of all tound:; 


The Anomaly of the | The Anomaly of the 
_ © Moon. 
Sig. Deg. Min. Sec. | Sig. Deg. Min. Sec: 


Ar the timc of che middle full Moor OG I4 29 40 OF 13-2 26 
For the Proſthaph. Time of 3 h. 38' oo 02 os 5z}{o00 ot 58 4o 
ime of the true Full Moon 06 14 38 ; 9 is as of 
At men theſe Anomalies do anſwer the Proſthaphereſes our of +.b. X1. that of the 
Gan's is 32 Min. 32 Sec. A. but that of the Moon 2 Dcg. 19 Min. 27 Sec. $. Where- 
” h L F FA M R Deg. Min, Sec. 
Diſtance of the Lines of middle Motion ol 51 59 : 
Then cut of Tab. X. the next leſs Number Ol 31 +4: Subr3 
OO 20 3J3 


And to this next leſs Number, viz. of 1 Deg. 3t Min. 26 Sec. do anſwer ir 
Tab. X. three hours, and to the remaining 20 Min. 33 Sec: do there agree 40 Min; 
Wherefore the Proſthapheretical Time, which is accurate enough is 3 Hours 40 Min. 

To which Anſwers out of Tab. V. g Min. 2 Sec. and out Tab. X. the Anoma- 


he Moon 1 Deg. 59 Min. 45 Seconds. | 
ae i: bas ” The Anomaly of the The Anomaly of the 
Sun Moon 


Sig. Deg. Min. Sec; | Sig. Deg. Min. Sec; 
kt the Time of the middle Full Moon os 2 


14 29 40\] of 13 03 26 
For the Proſth. Time 3h. 40 ©0 00 09 ez| o2 ol 59 45 
Atthe time of the true Full Moon 06 14 38 42j0o5 15 03 1t 


And now. to theſe Anomalies do anſwer the Proſthaphereſes out of Tab. X1. that of 


the Sun is 32 Min. t 5 Sec. A. but that of che Moon 1 Deg. 19. Min. 22 Seconds. S: 
Wherefore | 


The Diſtance of the Lines of middle Motion 1s : ot Ft: x Cube, 
Then out of Tab. X. the next lefs Number ol 3xt 26 
: ©0 20 ' 11 


To this next leſs Number, »iz. of 1 Deg. 31 Min. 26 Sec. do anſwer Tab. X. thtee 
hoursz and to theſe remaining 20 Min. 11 Sec. do there _ 39 Min. 43 Seconds: 

herefore the moſt exalt Proſthapheretical Time of all is 3 h. 39 Min. 43 Sec. which 
sto be added, becauſe the Moon 1s on this ſtde the Sun; Therefore to the 


| | | D. HB. M. Sea: 
Time of the middle Full Moon, Zan. | oe = WG 
Add the Proſthaph. Time 00 03 39 43 
The moſt cxa&t Time of the true Full Moon, 7an. ol 21 Of 37 


For the finding the true Place of the Sun. 


pp | : Sig. Deg. Min. Sec. 

At the time of the mid. Full Moon, the mid. Mor. of © from y og 20 5o 41 
he Motion of the Sun for the Proſth. Time 00 00 Og Ol 
The Proſthaphereſis of the Sun 00 00 32 15A. 


The true Place of the Sun at the time of the true Full Moon og 21 31 57 


With this true Place of the Sun the Table of the Equation of Time, inſerted 
page py is to be gone to; where you ſhall tind the Equation of Time, that anſwers 
the aid Place of the Sun, to be 7 Min: o Scc. which are to be ſubtraſted, becauſe "re 
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this Place the Aſtronomical Time is ro be turn'd into Apparent. Now therefore 


the 
from the. 1D... M. +, 


Time of the true Full Moon, az. On, "22.05. 37 

Take the Equation of Time | 00 O00 O7 coo 

The Time apparent of the true Full Moon, Zan, ol 20 58 37 Aﬀer 
Mid-night, or Zan. | ol O08 58 37 Aﬀer 


Mid-day, or, according to the Gregorzan Account, Jan. O92 O8- 58 37 Aﬀer 
| Mid-day in Friefland, | 


PROBLEM VI. 


To prove the Time of the true Syrygy, found by the fore- 
going Prob. out of the Solar and Lunar T ables. 


Ecauſe the Epoch of the Luxe-Solar T ables are firted ro the Meridian of Frieſland 

but the Epoche of the Solar and Lunar T ables do ſuic with the Meridian of VUren: 
Burgh; therefore the apparent Time given from Friſtan Meridian is firſt to be re- 
duc'd to that of VUrenburgh, by adding 25 Minutes of an hour ; becauſe the Meridian 
of Urenburgh is more Eaſtward than that of Frefland ,, therefore 


; D. H. M. S$«: 

To the apparent Time of the truc Full Moen in Friefland, Jan. or o8 58 7 
Add the Difference of the Meridians © 00 25 0 

The apparent Time of the true Full Moon in Denmark, Zan. or og 23 3y 


Then the apparent Time is to be turn'd into Aſtronomical, and that after one 
way for the Sun, and after another way for the Moon; as I have taught Prob. I. of 
this Section, Paragraph 2. And for the Sun thus ; with the true Place of the Sun w 
21 Deg. 31 Min. 57 Sec. Page 785. I rake the firſt part of the Equation of Time, 
viz. 7 Min. © Sec. to be added. Then afterwards with the middle Anomaly of the 
Sun 6 Sig. 14 Deg. 38 Min. 42 Sec. I goto the other part of the Equation of Time, 
Page 785. which I there find ro be 2 Min. 3 Sec. which are likewiſe to be added. 


And {o the whole Equation of Time becomes 9 Min. 3 Sec. to be added. Hence I 


alwaystake 7 Min. 53 Sec. according to what was admoniſh'd in the firſt Prob. and 
there remains the Equation of Time forthe Sun, 1 Min. 10 Sec. A. Now therefore 


ro 
Y | - aa, M. Ste 
The apparent Time of the true Full Moon, 7an. Ol Og 23 37 
Add the Equation of Time for the Sun 00 ©9 OF 19 
And there is made the Aſtronomical Time for the Sun "01 Og 24,47 


To which Time I gather, by Prob. Il. the middle Motion of the Sun from Aries, 

9 Sig. 20 Deg. 59 Min. 28. Sec. 'Fhe middle Anomaly of the Sun, 6 Sig. 14 Deg. 

38 Min. 28 Sec. and the Preſthaphereſis of the Sun, that agrees with this, 32 Min. 

15 w_ A. Wherefore the true Place of the Sun is g Sig. 21 Deg. 31 Min. 
Cc. | 

"The Time is likewiſe to be equall'd for the Moon, according to the Admonition 

in the firſt Prob. Namely, by applying only tke firſt part of the Equation of Time, 


which was 7 Min. o Sec. A. crefore | 

| D. H.- M, Se. 
To the apparent Time of the true Full Moon, Jan. © pe- ©90 23-37 
Add the Elich of Time for the Moon CO O©9 O7 OO 
There appears the Aſtronomical Time for the Moon, 7an. or © 30 37 


And 
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* And to this Time I gather by Prob III. out of the Lunar Tables, the Longitude 
of the Moon from the Sun, 6'Sig. 1 Deg. 51 Min. 36 Sec. The middle-An&mal 
of the Moon 5 S1g- 15 Deg. 3 Min. 1 Sec. and the Motion of the Moon's Latitude * 

Sig. 25 Deg- 12 Min 19 Sec. Then the Proſthaphereſig of the Moon 1 Deg. 19 Min. 
A $c. A. which agrees with the Anomaly collefted. And rhen afterwards 


Ste. Des. Min. Sec. 


he middle Motion of the Sun from the quinoz O09 209 59 28 
Tor che Longitude of the Moon from the Sun 06 ot 51 36 
d.there appears the mid. Mot. of the Moon from the Agquin. 03+ 22 51 04 
7 which I apply the Moon's Profthaph. 00 OI Ig 228. 
There then comes the Moon's true Place in its Orb. 03 21 31 42 
And the true Place of the Sun above was Og 21 Jl 43 
Wherefore the true Diſtance of the Moon from the Sun 05 29 59 59 


Whence. it is manifeſt, that the time of che true Full Moon was rightly found, 
which was the thing that was to be prov'd. 


_ 


PROBLEM VIL 
To find the Latitude of the Moon. . 


Sig. Deg. Min. Sec. 


| Rn 


Y the foregoing Problem was found the Moorrs middle 


Motion 5 05 25 12 Io 
And the Proſthapherefis of the Moon 00 Ol 19 228. 
Therefore the true Motion of the Moon's Latitude is of 23 $3 a5 


And now entring with this Motion of Latitude Tab. XX. which is the Table of 
the Moon's Latitude, I find the Latitude of the Moon to be 31 Min. 46. Sec. North. 

And this is the Method of finding the Moon's Latitude in the true Sy2zygies 3 but 
out of the Syzygies the middle Motion of Latitude is twice to be equall'd, as in 
the Example of Prob. II. »iz. in the Year 1587. Auguſt 18. the middle Motion of 
Latitude was g Sig. o Deg. 57 Min. 19g Sec. the ablolute Proſthaph. was 4 Deg: 
4Min. 12 Scc. Ks, 7 taken away : Therefore the Motion of Latitude firſt cqualt'd 
was 8 Sig. 26 Deg. 17 Min. 7 Scc. | 

But now that this fame may be cqualld a ſecond time, entring with the true Di- 
ſtance of the Luminaries XIX. which is the Tab. of the Equation of the Nodes of 
the Moon, I take from thence the Equation of the Nodes, together with the propor- 
tional Scruples : And reſerving the Minutes for another uſe, you muſt add or take 
the Proſthaph. found to or from the Motion of Latitude firſt equall'd, that there may 
come out of the Motion equated a ſecond time. As. in the Example mentioned in the 
Year 1587. Aug. 18. the almoſt true Diſtance of the Luminaries was 9 Sig. 23 Deg. 
29 Min. 7 Sec. the exattly rrue Diſtance, 9g big: 22 Deg. 18 Min. with which, when 
Igo to the Table of the Equation of the Nodes, I meer with a Proſthaph. of t Deg. 
12 Min. 57 Sec. tubr. and of proportional Scruples 51. and 34 Seconds. 


Sig. Deg. Min. Sec. 


The Motion of Laticude firſt equated. 08 26 17 o7 
The Proſtbaph. to be taken away 00 "0813 - 57 
The Mor. of Lat. a fecond time equatcd 0's) 25 O04 £90 


From which you may thus gather the true Latitude of the Moon: 
M m m m m : - "With 


FI9F4 


81 & 
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Witp the Motion of Latitude a ſecond time equali'd you muſt go tothe Table of 


Latitude, &s here with 8 ſig. 25 deg. 4 min: the Latitude that anſwers this Mori. 


on is this; 4 deg. 57 min. 24 ſec. South ; to which is adjoin'd the Exceſs of 18 min. 
55 ſec. for which you may ſafely take 19 min. Some part of this Exceſs is always 
to be added to the Latitude thar's found 3 I mean the Part that anſwers in propor- 
tion to the proportional Scruples, which are reſerv'd for this ute: For thus you 
muſt ſay, 60 Scruples add 19 min. how much will 51 3 add? Suppoſe 16 min. 18. 
ſec. which being added to the Latitude that's found, the Summ will be the true La- 
titude of the Moon, »iz. 5 deg. 13 min. 42 lec. which was what we ſought for. 


— — 


—— — — 


PROBLEM Ix. 


To compute the Beginning, Middle, and End of an Eclipſe 
of the Moon ; as alſo the quantity of aut Obſcuration. 


Y the fixth Problem was found the Apparent Time of the ttue Full Moon in 

Friſeland, viz. Jan. 1d. 8h. 58 min. 37 ſec. after Mid-day ; and by the eighth 
Problem the Latitude of the Moon at that very moment of time was found to be 3; 
min. 46 ſec. North. = wr Ln the ſeventh Problem was gory at the ſame time the 
middle Anomaly of the Sun, 6 ſig. 14 deg. 38 min. 28 tec. and the middle Anoma- 
ly of the Moon 5 fig. 15 deg. 3 min. 1 ſec. and the Profthaphereſis of the Moon that 
agrees with this, 1 deg. 19 min. 22 ſec. S. which if it be applied tothe middle Ano- 
maly, the Co-equalled Anomaly of the Moon becomes 5 11g. 13 deg. 43 min. 3g ſec. 
And now being thus furniſhed with theſe things, we proceed to the T hing tharsto 
be done. And firſt entering with the Moon's Co-equalled Anomaly of 5 1ig. 13 deg, 
43 min. 39ſec. Table XXII. which is the Table of the apparent Semi-diamerres 
* the Sun, Moon, and the Earth's Shadow, Irtake out the Semidiamerre of the Full 
Moon 17 min. 57 ſec. and alſo the Semi-diametre of the Shadow 46 min. 51 ſec. 
Again, with the middle Anomaly of the Sun, 6 ig. 14 deg. 38 min. 28 ſec. I take 
out of the ſame Table the Variation of the Shadow, 5G tec. which is always taken 
from the Semi-diametre of the Shadow, that che ſame may remain corrected, vite 

5 min. 55 ſec. To this we add the Semi-diametre of the Moon : And the Summ ot 
the Semi-diametres of the Shadow and of the Moon becomes 63 min. 52 ſec. And 
ſo we may at length ſafely pronounce, whether che Moon will ſuffer any Eclipſe or 
no. Fot if at the time of the true Full Moon the Moon's Latitude be lefs than that 
Summ of the Semi-diametres of the Shadow, and of the Moon ; then you may cer- 
rainly know, that there will be an Eclipſe of the Moon, otherwiſe there will be 
none. But now in our Example the Moon's | atitude is of 31 min. 46 fec. North, 
which is much lefs than the Summ of che Semi-diametres, 63 min. 52 tec. There- 
fore the Moon will prnaly 2 under the Shadow of the Earth. 

Look now upon Figure XLVI, as if being plac'd on the Earth, you ſhould look 
towards the Ecliptick & u, and the Orbit of the Moon 5c ; and let & mark the 
Deſcendent Node of the Moon, u the Ceatre of the Earth's Shadow, * the Moon, 
as far diſtant from the Node 45 as u is , namely, at that we have faid, the truc 
Full Moons napyens For {u__ mult here note three points in the Orbit of the 
Moon, to wit, C, L, S; and letcu and Lr be perpendicular to the Ecliptick 5 «. 
Therefore if we ipcak of the time, at which the Moon is join'd with the Shadow 


- according to her » ay aq" raken in the Ecliptick; then C is the 'point, in which 


the Moon muſt then Bur we ſhall take no notice of that moment of time, bc- 
cauſe it makes nothing to our preſent purpoſe: For that time of the true Full 
Moon, which we found by the ſixch Problem, and repeatcd art the beginning 
of this, agrees with the Moon, when in L, and when diſtant as much from v, 
as the ſhadow u: And then the Latitude of the Moon is Lr ; but the greateſt 
Obſcuration or Immerſion of the Moon into the Shadow does not then hap- 
pen, when the Moon is in L, but when it 1s gone on to the poirit S, where a per- 
pendicular from u does fall upon the Orbit And then the ſhorteſt Diſtance 
of the Moon from the ſhadow, that is $ u, is equal ro the Latitude L r, which the 


Moon had in £L: bur the Time of the greateſt Obicuration follows the Conjunition 
| at 


+ 
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at ſo great a diſtance of time, as is neceſſary tor che Moon in her crue Motion to 
go thorough the Arch LS, which is equal to the Arch ru. And both of the Ar- 
ches are the Ditierence berween vg L the Hypotenuſa, and « r the greater Leg of the 
Retangular _ Triangle 75 Lr. For now1n this Triangle © Ly are given 
belides the Right Angle atr, 1. The Angle +3, which in every true Sytyzy is of 4 
deg: 58 min. 30 ſec. 2. I he Hhpotenuſa 5 Lof 6 deg. 7 min. 12 ſec. to wit, the 
Complement of the true Motion of Latirude, which by the eighth Problem was 
mom | to be of 5 11g. 23 deg. 52 min. 48 tec. Now there is ſought, 1. The Angle 
&@Lr, to which © uS is equal, namely, which the Perpendicular from the Sha- 
dow to the Orbit does make with the Ecliprick, and it is of 85 deg, 3 min. 2. The 
Leg i r of Gdeg 5 min. 50 ſec. Therefore the ditterence between 43 L and «; r is 
[-min. 22 ſec. which is the Arch LS. Then afterwards we are to ſeek in how nwch 
tme the Moon will go through this Arch LS by itstrue Motion. Therefore wieh © 
the Co-cquated Anomaly ot the _ l1g. 13 deg. 4J min. 3g ſec. go to the - 
XXIV Table, whetc you ſhall find che Horary Motien of the Moon in it's true 
Syrygies to be 33 min. 16 ſec. Wherefore you muſt ſay by the Rule of Three : If 
33 min. 16 ſec. give onc hour, or 3609 ſec; what will 1 min. 22 ſec. give? There 
appear 2 min. 28 ſec. which 1s the ſpace of Time, in which the greateſt Obſcuraci- 
on follows the ConjunCtion in the Orbir. Bur che Apparent time of the true Con- 
junftion in the Orbir, under the Meridian ot Friſeland, was Jan. 1 d. 8 ho. 58 min, 47 
fec. and then adding -2 min. 26 ſec. there is made up the Time of the greateſt or/ 
ſcuration 1d. gh. 1 min. 5 fec- in Friſelend. Now the difference of the Pariſian and 
Friſian Meridians by Tab. XLVII is 16 m. For Paris is diſtant from Urenbureh Weſt- 
ward 41 min. and from Leoward in Frieſeland 25. Wherefore Paris is 16 min. more 
Weſtward : And ſo there being taken our of the Time juſt now gatherd , 16 min. 
the Apparent time of the greateſt Obſcuration is at Parts, Zan. 11 d. 8 ho: 45 min. 
5 ſec. atter Mid-day, after the Gregorian Account. | 

It remains now, that I define the Beginning and Ending, and alſo the Quantity. 
of the Obſcuration. Now therefore in the XLVII Figure, let a be the Centre of : 
the Shadow, b a the Ecliprick ; ler the mm bar be of 85 deg. 3 min. equal to the * 
Angle 5 Lr or 5uS in the foregoing Figure ; Let ae be rhe diſtance of the 
Moon from the Centre of the Shadow at the time of the greateſt Obſcuration, and 
kt it be ſupposd equal to the Latitude Lr in the precedent. —_— being 31 min. 
46 ſec. __ et fe d the Perpendicular to a e repreſent theOrbirofrthe Moon : Let ag be 


1 - theCorrct Semidiametre of the Shadow of 45 min.'5y fee. g the Semidiametre of 


the Moon of 17 m. 57 ſec. a d the Summa of the Semidiametre of the Moon and of the 
Shadow 63 min. 52 {cc. In the plain Triangle ae d, there is given the Hypotenuſa 
' «dof 63 min. 52 ſec. to the Right Angle at e, and the Leg ae of 31 min., 46 ſec. 
. The other Leg de is fought by che XLVII Table and is found to be 55 min. 24 
ſec. which is the Line of the Moon's Courie from the Beginning of the Eclipſe ro 
the middle of the Obſcurarion ; to which is equal e f, the Line that is to be pals'd 
from the greareſt Obſcuration to the end. Then you muſt ſay by the Rule of 
Three : It 33 min. 1G lec. give one hour, or 3600 ſec. what will 55 min. 24 ſec. 
afford 2 There comes 1 h. 59 min. 55 ſec. which is half. the Duration. | 


D. H. M. Sec. -- 
The Appar. Time ofthe greatcſt Obſcuration at Paris, Zan. it B45 057 Add and 
 Halfot cae Duration | 0001 3g 55 4 Subtract: 
The beginning of the Eclipſe 11 07 o5 19 | 
The End II 10 25 02 
The whole Duration co 0J Ig 59 
Laſtly, for determining the Quantity of the Eclipſe, _ 
| | Min. Sec. 
Take the Latirude of the Moon a e 31 46 
From the Corre& Semidiametre of the Shadow a h 45- 55 
There remains e h - ; | 14 cg 
To which add the Moon's Semid. ez | 17 57 


And there appears i b that part of the Moon's Diam. immnensd in the Shadow 32 06 
S M m m mm 2 Then 
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Then ſay by the Rule of Three : The Semidiametre of the Moon + i amounts 
ro 6 Digits; Low much docs i þ = 32 min. 6 ſec. amount to? And there come 19 
Ecliprical Digits, and 44 Scruples ; which is the quantity of the Eclipſe that was en- 
quir'd after. 


PROBLEM X. 


To give an Account of the Calculation of an Eclipſe of 
the Sun. 


'T His Calculation is perform'd intwo parts : by the former the time of the true 

ConjunCtion is ſought, juſt the ſame way,that was us'd in a Lunar Eclipſe; by the 
latter time of the ſeeming Conjunftion,and alſo the Beginning and Ending,and like- 
wiſe.the Apparent Quantity of the Ecli ſe, are ſought for, by the help of the Pa- 
rallazes of Longitude and Latitude. We will take for an Example the Eclipſe of 
the Sun, that Ron's in the year 1656, being Leap- un, Jan. the 35, current 
Day in the Afternoon. The Gal ables, with rcſpett to 
the Pariſian Horizon runs thus : $74 


culatio.* of it out of Tycho's 


. D. H. MM. Sec. 
The middle New Moon Jas. | 1G 11 47 55 aftct Midnight; 
| Stg.Deg.M. Sec. 
The Anomaly of © | 29 O02 5O 
The Anomaly of 2 : 11 25. 57 56 
The Motion of the Moon's Latitude CO Og 29 33 
'The Motion of © from Y | | 10 OF 23 53 
The Proſthaph. of © 00 Or ol 45 A. 
The Proſthapb. of > | 02 OO 20 29 A. 
The Diſtance of the Luminaries OO 09 41 06 
The Proſtbapheretical Time of hours . — OI 21 ooA. 
To which does Anſwer : 
| Min. Sec. 
The Anomaly of © * | 03 I9 
The Anomaly of > : 44 6 | 
Therefore at the time of almoſt the true New Moon 
| Sig. Deg. Min. Sec. 
'The Anomaly of © is . ©6 29 06 og 
The Anomaly of Þ is Ii 26 42 O2 
| Deg. Min. Sec. 
The Proſthaph.,of © ol or 52A. 
TT he Proſthaph. of » | 02 16.4JA 
'The diſtance of the Lines of middle Motion .00 45 Og 
The Horary Preſthaph. T ime — Ol 29A. 
To which Anſwers 
| Min.Sec. 
The Anomaly of © OJ - 39 
The Anomaly of » 48 27 


Therefore at the time of the egrue New Moon, 
| Sig. Deg. Man. Sec. 
The Anomaly of the Sun is 05 29 06 29 
I he Anomaly of the Moon is | it 26 26 23 


The 
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| Sig. Deg, Man. Sec. 
The as nega a Sun Go ol ol $2 A. 


The Proſthaphereſes of the Moon 5 oo O0 16 21 A 
The —_ of the lines of Middle Motion 00 00 45 31 
The moſt exa&t Horary Proſthapheretical Time. ot 29 37 
To which anſwers 
frhe Moon. _—__ 
Anomaly of the Moon. a 7 
The Moon's Mation of Latitude. 49 24 
Therefore at the moſt exaCt time of the true. New Moor 
"FE o Deg. Min. Sec 
The Simple Anomaly of the Moon is 11 26 46 43 = 
The middle Motion of Latitude is 00. 09 20 34 þ 


The moſt exatt time of the true New Moon is, 
Ds. Ho. Min. Sec. 


* Jan. current I6 13} 17 32 
: - | | Dee. Min.$2. 
The true place _ the Sun in 3 O06 29 14 . 
uation of time ; OO , 
TheEq Da. He. Mea Eu 


Apparent time of the true N. M. Zan. 16 13 op 5 aft. Midnight 
OP or Jan. 16 on ©7 aft. Mid-day. 


Or ot EY Gregorian Account. jo Jan, 2601 7 55 aftMidday. 


The Examination of this out of the Solar and Lunar Tables. 


* | N Da. Ho. Min. Sec. 

The Apparent time of the true New | . ; 

hoon in Friſeland, is | [ Jan, 16 ol o7 55 after Midday, 

The difference of the Meridians of p 
Friſcland and Denmark | 


—_ 


00. 00 25 oo A. 


P__ —_— 


A——— 


—_— 
Lm— — 


The Apparent time of the true New 
Moon in Denmark, is 


> Jan. 16 ON 32 55 


The firſt part of the Equation ofti Andes, 

art of the Equation of time. O9 37 A. 

The hes part. | 03 56 A 

The abſolute Equation of time. I} 3} A 

Min.Sec. | 
There being then caſt away 07 53 according to what's ſaid in Problem 1. 
There reſts the Equation G A 
of time for the Sun, * 00 


; Da. Ho. Min. Sec- : 
Therefore the equable time, of the Sun is Zan, 16 ot 38 35 after Mid-day- 


or the day being compleat, January 15 oz 38 35 aftcrMid-day. 
[ Min.Sec. 
Then the Equation of time for the Moon is O09 37 A 


| Da. Ho. Main. Sec. | 
Wherefore the equable time for the Moon,is Jan. 16 on 42 32 afterMid-day: 


or the day being compleat, January 15 01 42 32 after Mid-day.' 


The 
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HS Sig. Deg. Man. Sec. 
The Motion of the Sun from Y- 10 - Of 7 33 


The Anomaly of the Sun 06 29 06 24 
The ap. 19 +3 ofthe Sun 00 o1 ol 52 A. 
The true place of the Sun: - To 3 25 4 JE 
The Longitude ofthe Moon from the Sun OO OO 45 31 

The Anomaly of the Moon («) | tr. 26 a 47 

The Motion of the Moon's Latitude, (þ) 00 Og 20 33 
The Proſthaphereſes of the Moon 00 O0 16 19 A 
The middle diſtance of the Moon from r. to.- of 12 Js 
The truc place of the Moon in the Zodiack 10 06 29 13 


The true place of the Sun | 


The true diſtance of the Moon from the Sun. TR 2 23-3 


Thus far the Exminarion, and the firſt part of the Calculation. 


The other part of the Calculation belongs to the time. of the Apparent Con jun- 


ion, and allo to the beginning and ending, and the Apparent quantity of the 
Ecliple, as it is ſeen at Parzs from oft the Surface ofthe Earth; for the true Conjur- 


Qion, of which we have hitherto ſpoken, has reſpe&t ro the Centre of the Earth, 
Now the Apparent time of the truc New Moon, under the Frijtax Meridian was, 


St, 
, | | Da. Ho. Main. Sec. 
LEE ad 7% | ' . . +, Jan. 26 O1_ 07. 55 aft. Mid-day. 
The difference of the Friſuan and Parfian Meridian, 00 oo 16 oo S. 


(4 


_— 


- 


The pm one of = true New Moon p Jan. 26 © 51 55 aft. Mid-day. 
Art which time you muſt find the Parallax of the Moon above the Sun as to Alti- 
tude and Langnie. In the XLVIII Figure, ter A be the Zenith, AED the Par- 
fran Metidian,” + E F the Aquinottal, 1 D B K the Ecliprick, B he place of the 
true Conjun&tion of the Sun and Moon, as it would be ſeen from the Centre of the 
Earth, it the Eye was placd there; AFBTlis the Vertical, paſſing down through 
the Sun and Moon, - B I is the-Parallax of che Moon above the Sun as to Altitude, 
B K the Parallax of Longitude, I K the Parallax of Latirude. In the little Tri- 
angle BI K, we muſt find out Bland B K , ſecing therefore the Apparent time of 
the rrue Conjun&ion happens 51 Min. 55 Sec. after Noonday; this time ng 
turn'd inco degrees: and Minutes, gives 12 Deg. 98 Min. which is the Arch E F. 
with the true place of the Sun, of = 6 Deg. 2g Min. 15 Sec. Our of the XLVI 
Table is taken the Right Aſcenſion of the Sun 308.89, which is the Poine F, to 
which if you add the Arch E F, you will then find the Point of the /Equator that is 
placd under the Meridian 321.87, which is the Point E- To this point of the 
© Ejzuator E does anſwer out of the ſame XLVI Table the Culminant point of the 
- Ecliptick D, viz. 19 Deg.26 Min. of zz. Thetruc place of the Moon, (the point B,) 
is 6 Deg. 29 Min. of =; therefore the Arch of the Ecliptick between the Meridian 
and the true place of the Moon, (viz. BD) is 12 Deg. 57 Min. To the point of 
the Ecliptick D., that is plac'd under the Meridian, docs antwer, according to the 
XLV Table, .che Dechnation 15.03, which is the Arch DE; and there the An- 
gle of the RepticEand of the Meridian y D E = 71.72, whoſe complement 105.28 
1s the Angle A D B. Laſtly, rothe Arch DE= 15 03 add the Laticude of Pa- 
rw E A = 48.50, and there comes the Arch D A = 63.53. | 
There being therefore given in the Triangle A D B, the two tides A D = 63.53, 
and D B — 12.95, with the Angle contain't between them, AD B = 10d6.25; 
there is found A B, the dittance of the Moon from the Zenith, to be 68.21, and 
the Angle ABD 66.28. The Complement of the Arch A B isthe Altitude of che 
Moon: 21.79. To the Anomaly ot the Moon (a) 11 Sig. 27 Deg. daes anſwer 
o:1t of the Xi Tabl:, the Elongation of the Moon from the Centre 102.897. with 
this and the Latitude of the Moon is taken our of the X XI Table, the Parallax of 


the Alticude of the Moon 56 Min. and with che ſame Alritude of the Sun no ha 
. rallax 
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rallax of the Sun of ; Min. Thetefore the Patallax of the Moon above the Sun in 
Min. which is B I the Hypotenuſa of the little Triangle BIK: And in the ſame 
P:angle BI1K, which is reangular at B, there is given the AngleI B K, equalto 
the Angle A B D. And the Triangle BI K being taken ( for irs littleneſs) as plane, 
there is tound B K the Parallax of Longirude = 21 Min. 18 Sec. 
Witch che Anomaly of che Moon 11 Sig. 25 Deg. is taken out of the XXIV Ta- 
ble, the Hourly Motion of the Moon above the Sun, 27 Deg. 44 Min: Therefore 


3 


by the Golden Rule, 


f the true Motion of give minntes of What will the Paral- There come Mig. 


the » abovyc ©. an hour. lax of Longit. giye. of att hour. 
27: | 69 . 2t =? 45 = 


Therefore the ſeeming Conjunttion would follow the true 45 + jninutes of an 
hour, if the Apparent Motion of the Moon was equal to the true Motion; bur be- 


cauſe that does not appear, let the Parallax of Longitude be ſought again, at the time 


which follows the true ConjunQion 45 > Minutes. 

The point of the Ayuator that 1s plac'd under the Meridian at the time of the truc 
Conjunftion, is 321.87. _ 

The Intermediate time being turn'd into degrees, is 11.42. Add this to the for- 
mer point of the Equator that is plac'd under - the Meridian at the time 
ofthe ſeeming ConjunCtion, 333-29, which is the point E, to which does an- 
{wer the Culminant point of the Ecliptick #, 1 Deg 15 Min: which is the point D. 


Deg. Min. Sec. 
The place of » at thetime of the true Conjunftion. e065 29 on 
The Motion E » LM the —— _ oo 21 18 
The place of the Moon at the time of the feemin | 
Conjunttion which is the Point B. s [+ = 06 50 18 
| | Bi Sig. Dep. Min. 
From the Culminant point of the Fcliptick D it of 15 
Take the place of the Moon B. - lo o6 50. 


There remains the Arch B D OO 24 25 


To the Culminant point of the Ecliptick do:s anſwer the Declination 11.06, 
which-ische Arch D E, and the Angle of the Ecliptick and Meridian. S 


Y« DE: — 69 14 
whoſe complement to the Semicircles A D' B 110 86 
Tothe Arch D E = — 11 o6 
Add the Latitude of Paris E A IL 48 50 
And there is made the Arch D A 59 56 


hthe Triangle ADB, there being given AD, DB, AD B, there is found A B 
the diſtance of tle Moon from the Zenith 70* ;, and the Angle A BD 58*:. 


The compleat of the Arch AB is the Altitude of the Moon 19% 
| With which, and the Elongation of the Moon is takctt, 
The Parallax of the Moon;  =——— 56 4. 
The Parallax of the Sun, — wg 3 
The Paratlax of the Moon aboye the Sun - 53 4 
which is the Arch B I. 


In the Triangle BIK, which is rectangular at K, there being given B [, and the 


Angle IB K cquatto ADB = 5$ ;, there is found tlic Parallax of Longitude B K 


=27' 2.0. 
5 | Main. Sec. 
The firſt Parallax of Longitude, (») 21 18 
The latter Parallax of Longitude, (9) | 27 40 
The difference of the Parallax, 06 2X 


i5 
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Is to be taken from the firſt Parallax, and there remains _ « 
the Apparent Motion of the Moon in the ſpace of the \ M.ve, 
Intermediate time of 45 Min. 42 Sec. =. | 14 56 


The Apparent Mo- _.. Minutes of The firſt Paral. Minutes of 


tion ot the Moon, BY an hour. of Longitude, | 
14 56" 45 +; 21 1" G5t 3 


g1VeEsS 


Therefore the ſeeming Conjunftion follows the true Min. 65 . 2 «, 


Let there be ſought therefore the Parallax of Longicude and Latitude at the time 
which followsthe true Conjun@ion, Min. 65 5/7. ) 
The pointof the Agquater placd under the Meridian L Deg. Min. 


at the time of the crue Conjunttion, 321 $7 
\ To which add the Intermediate time turn'd into degrees, 15 35 
The ſumm of this Addition ſhews the point of the /Xquatr 
that is placd under the Meridian at the time of the feem- \ 337 22 
ing ConjunCtion, which is the point E, £ 
To which anſwers out of the XLVI Table, the point © 
of the Ecliprick placd under the Meridian, 5 XJ 22 
The true Motion of the Moon in the time that paſſes 
berween the trucand ſeeming ConjunCtion, is 30 Min. [ = 6 29 
The place of q@ at the time of the true Conjun. was | 
Therefore adding theſe 30 Min. there is made up the true 
place ofthe Sun at thetime of the teeming Conjunction, > =6 5g 
which is the point B, PR 


The Arch of the Ecliptick between the Mcridian, and the g 
true place of the Sun is D B, > 20 23 
Tothe Culminant point of the Ecliptick D, docs anſwer the 
Declination D E 9.56, and the Angle of the Ecliprick, 
and Meridian Y D E 68.44, whole compl. to the Semi- IIs .56 
circle is the Angle A D B, 
Tothe Declination ofthe Culminant point, that is, to the Arch D E, O 56 
Add the Latitude of Parzs, E A, 48 Fo 
And there is made the Arch A D | 58 06 
There being therefore —_ in the Triangle ADB, thetwo ſides ; 
A D, and D bz, with the Angle between them AD B, there is found \ 71 5I 
A B the diſtance of the Moon from the Zenith, 
| And the Angle ABD — _ 56 30 
The Compl. of the Arch A B is che Altitude of the Moon, 25. 49 
With this and the Elongation of the Moon there is taken out; 
TT he Parallax ofthe Moon : 57 
The Parallax of 6he Sun 3 
TheParallax of the Moon above the Sun. 54 Bl 
In the Triangle B I K which is ReQangular at K, there is given B I, 
and Il BK, the Angle cqual to the Angle ADB, and there is found \ Min.Sec. 
the Parallax of Longitude B K. 30 oo K 
And the Parallax of Latitudel K. 44 50 


The Examination of the ſeeming ConjunCtion. 


At the time of the ſeeming ConjunCion, the true diſtance of the Moon from the 
Sun ought to be cqual-ro the Parallax of the Longitude of the Moon above the Sun, 
that is, to the Line B K which was laſtly found. Let therefore the true diſtance ot 


the Moon trom the Sun be fought by the Rule of three, thus : | M; 
| INUtCS 
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-HH_— . 
+ i of k 8 Eo diſt, * b) 
Iinutes of 1e true Motion 1nutes between the _- rom © at the | 
__ hour SIVES of the Moon. true and ſeeming 4 kg time of the ſce- 
Go 27: 65' 55 ming &* | 


O'. 11”. 
This diſtance of 3o' 11” agrees with the Parallax of Longitude B K, which we 
had found above to be zO'. Therefore the difference of time, 65'7i berween the 
tre ConjunRion and the teeming is right. : 
To this time that paſſes between the true and ſeeming Conjunttion, vite 65". 1 


docs anſwer | 


AS. $ 
e Anomaly of the Moon | 35 3 
Lis Motion 5 the Moon's Latitude : 36 = 
: Therefore at the time of the ſeeming Conjunftion 
| S. D. M. 5. 
The ſimple Anomaly of the Moon 1s I1 27 22 16 
The middle Motion of Latitude 00 Og 56 34 
The Proſthaph. of the Moon ; GO OO 13 Ig A. 
The truc Motion of the Moon's Latitude OO 10 Og 53 
To which does Anſwer 
| A: 3:5 
The true Latitude of the Moon 52 36 North, 
The Parallax of Latitude I K 44 56 
The ſeeming Latitude of the Moon 07 40 North ad 
The Semidiametre of the Sun I5 55 ac 
The Semidiametre of the New Moon i2 48df 
The Summ ot the Semidiametres 28 43ag 


The cover'd part of the Sun's Semidiametre 21 03ze 
Which amounts ro o7 55! Eccliptical Dig. OM 


In the Triangle a 4 9 which is as good as Ref-angular at d, there being given ad t:, vi n 
and a g, there is found g d, the Line of the Moon's lc, from the beninnnns ro the Fig. XLIX 
middle of the Eclipſe, = 27 min. 49 ſec. Let it now be enquir'd, in how long time 
the Moon goes through this Line, in her Apparcnt Metion. 


| | M. 5. 
The Paral. of Long. at the time of the ſeem. Conj. 4.) 39 ©0 
The Paral. of Long. at the time of the true Conj. («.) 21 18 
The difference of the Parallaxcs is o8 42 A. 


The time between the true and ſeeming ConjunRtion. (1) 65 +2, 
o which Anſwers 

The true Motion of the Moon ( & ) LR Jo 12 

* Take hence the Differences of the Parallaxes (A) O08 42 


There reſts the Apparent Motion of the Moon for 65', 21 30 


The Appar. Minutes of The Line from the The time of Jnci- 
Mot. of the gives an hour. beginningtothe mid- gives dence. 
Moon 65:5 dle of the Eccliplc 54 

21's 27; 


Laftly, let the Parallax of Longitude be ſought, which'is x ho. 20min. after the 
ſeeming Conjunttion. 
The point of the /#quator, placd under the Meridian at the time 


of the ſeeming ConjunEion, (EF) 337 "y | 
The Intermediate time 1 ho. 2 min. being rurn'd into deg. makes 20 >add 
he point of the Aquator , plac'd under the Meridian 80! after? _ _. 
the ſceming Conjunction 337 22 
To which Anſwers 


| D. MM. 
 Thepoint ofthe Eclipr. that is placd under the Meridian * 27 00D. A 
be truc place of the Moon =: | 726 B, © 
Nnnnn £ The 


he 
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The Arch of the Ecliptick berween the Meridian 4 D. M. gp 
] and _— = rue _ Fe 49 24 
To the pint of the Eclipric which is plac'd : | 
——— Meridian does anſwer the Inclin. F 129 DE 
And the Angle of the Fcliptick and of the Meridian, 66 51 y DE 


Whoſe Complement is 11 ; 49 ADB 
The Latitude of Parzs, 43 50 AE 
DE 49 70 
In the Triangle AD B, there being given AD, 
DB, ADB, there 1s found the diſtance of \ 7903 AB 
the Moon from the Zenith, 


And the Angle A BD, 45 43 
The compl. of the Arch AB is the Altirude of yz, 10 g7 


With this and the Elongatign of the Moon there, is taken out 


| Min, 
The Parallax of the Moon, — 58 
The Parallax of the Sun, 3 


The Parallax of the Moon above the Sun, 55 BI 


In the Sa BIK, which is oy at K, there is given BI and Il BK 
the Angle to AD B, and there is tound the Parallax of Longitude 38 "7 
BK w: Wherefore procecd according to the Rule of Three juſt now dceliver'd, 


Min.Sec. 
The Parallax of Long. at the time of the ING. («) 30 oo 
The Parallax of Long of 80' after the ſeeming Conj. (wv) 38 36 
The difference of the Parallaxcs is | 
The true Motion of the Moon in the ſpace of 89. is 36 59 


The Apparent Motion of the Moon in the ſpace of 80'. is 28 23 


: The line from the 
The Appa. Mot. _. _ Minutes of _ 7 - The Time of 
of or Moon gives Wl g RE Es end gives —_— 
| 3 27 1 | 4 

| | D. H. M. 5. 
The Apparent time of the true Conj. at Paris, Zan. 26 © 51 55 after Mid-day, 
The time berween the true and ſeeming Conjunttion, 1 05 18 
The bag es time of the ſeeming ConjunCtion, 26 1 57 13 after Mid-day. 
| he time of Infidencec, I 24 SubtraQt 

! Mavic og 97-Ab cob a Eclipſe, Zan. | 26 p 33 13 aftct Mid-day, 

The end of the Eclipſe, — 26 3 15 13 after Mid-day, 

The whole Duration in hours, _ 2 42 


It now remains, that I furniſh you with certain Rules, how to find the Apparent 
Motion of the Moon from the Sun ; by che Guidance of which Rules 1 have drawn 
up the fore-going Calculation, and by which we mult regulate the ſame in other 
Eclipfes afterwards. Firſt of all then we muſt determine that Interyal of Time, at 
which we have a mind to find the Apparent Motion of the Moon. That Interval 
cither comes between the Moment of the true Conjunftion, and that Inſtant, at 
which the Moon in it's true Motion is ſo far diſtant from the Sun, as the Parallax 
of —_—_— amounts to, at the time of the true Conjunction or it is the time bc- 
tween the ſeeming Conjunftion and the Moment, that gocs before or follows 1t, 
ſome Minutes. In the firſt Interval the point of Timc, from which we begin to 

cithcr backward or forward, is the Moment of the true Conjundtion ; in 


computg 
the other the Head or beginning of the Calculation proceeds from the ſeeming - on- 
junRion 


ther it be divided berween both. If the whole time be ſpent in the Ea 


CHEE.” 
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mtion. Fot the Apparent Motion of the Moon theretore in the hrit Interval, ler 
this be the firft Rule : Ar both the Bounds of the Interval that is given, thar is, at 
the time of the true Conjunttion, and ailo at that point of time; that the Moon in 
= truc Motion 1s diſtant from the Sun, as much as the Parallax of Longitude ar 
the time of the true Conjunttion amounts to, let there be in readineſs the arallax 
of Longitude, and ler rhe Ditlerence of theſe Parallaxes be taken. Then if the 
Parallax of Longitude at the time of the erue Conjunttion ſhall be greater than the 
Parallax that belongs to the other Bounds of the Interval, you muſt add the diffe- 
rence of Parallaxes tothe Parallax that anſwers the very moment of rhe true Con- 
juntion 3 and you thall have the apparent Motion of the Moon for the ſaid Interval: 
Pit if the Parallax that belongs ro the true Conjunttion be leis than the Parallax of 
the orher Bound, then vou mult take away the dittercncc of the Parallaxes from the 
Parallax that an{w-rs the true Conjunction, and again there will appear the Appa- 
reat Motion of the Moon for the laid interval. If you demand the reaſon of this 
way of working it, conſider, that it the Parallaxcs of both the Bounds of the given 
irerval were equal, then the Appatent Motion of the Moon would be equal to 
the true Motion: Wherctore the Apparent Motion difters as much trom the true, 
xthe difference of the Parallaxes comcs to. Farthermore we muſt know, that all 
Parallaxcs bring the Star nearcr the Horizon, than it would be feen to be from the 
Centre of the Earth : Whereforc in the Eaſterti Quadrant of the Zack, rhe greatet 
Parallaxes do the more help the proper Motion of the Mouh towards the Eaſt, as 
the lefſer Parallaxcs do promote it the leſs. And ſeeing in the ſame Eaſtern Qua- 
drant the crue ConjunRion does always tollow the ſeeming one, and for the ſame 
reaſon alſo the other Bound of our Interval, whlitch conſtantly trends from che true 
ConjunRion co the teeming one the following Bound of the true Conjun@ion, if it 
be help'd by a leſs Patallax thanthe torcgoing 15 _—_ by, mult needs doe the leſs 
wards promoting the Moon towards the Eaſt, and fo the Apparent Morion be- 


om6 leſs than the true ; whereby it comes, that the difference of the Parallaxes is - 


to be taken from the true Motion, that the App Motion may be made out. The 
contrary happens, when the latter Bound (that is, of the true ConjunRtion) is help'd 
by a greater Parallax than the former is help'd, -by which ic comes, that the Moon 
$1 ics proper Motion thruſt more and more Eaftward. But in the Weſtern Qua- 
drant of che Zodiack the greater Parallaxes do move the Moon more towards the 
Welt, and fo do retard its Motion Eaſtward. And fince in the Weſteyn Quadrant 
the true ConjunCtion always goes before the ſeeming one, and fo conſequently be- 
foreche other Bound of our Interval alſo, which always rends from the true to the 
ſeeming Conjunction ; therciore if the toregoing Bound of the true Conjunion be 
retarded by the lefſer Parailax, but the other following Bound by the greater, that 
Retardation mult needs be always great:r and preater; and fo the Moon's Motion 
Eatward muſt be more and more hindred : Whereby the Apparent Motion does 
ain become leſs rhaf the true; and to it comes, that the dittcrence of the Parallaxes 
sto be taken away trom the true Motion But if the Parallax that anſwers the rrue 
Conjuntion in tne Weltern Quadrant be grearet than the Parallax of the follow- 
ing Found ; then the Retardation of the Moon, which is greater at the Beginning 
of the M tion, grows lels and lets afterwards; and fo it comes to pals, thar the dit- 
ference of the Parallaxcs 13 to be added tothe true Motion. Now the Parallax of 
tie Moon above the Sun in Longitude, at the time of the true Conjunttion, is the 
fame with the truc Motion of the Moon from the Sun in the ſaid Interval. And 
hence it is, that tor 1thortncels fake the Rule puts thar Parallax for this true Mo- 
ton, | | 
Now as fot che Intetval taken on this fide, or beyond the ſeeming Conjunfion, 
the latter Rule tor finding the Moon's Apparent Motion is This : Let the Moon s 
true Motion from the Sun at the Interval given be firſt of all in readineſs; then ar 
the beginning and end of that Interval letthere be ſought the Parallax of the Moon 
above the Sun in Longitude, and let rhe difference of theſe Parallaxes be taken. 
Afterwards coniider, whether the whole given Time do paſs, while the Sun isin the 
ern Quadrant ot the Ecliptick, or all the while it is m the Weſtern , or whe- 
ſtern Qua- 
drant, and the Parallax at the beginning of the time be greater, thati ar the end; 
then take away the difference of the Paratlaxcs from the Moon's true Motion from 
the Sun; bur if it be 1cfs, then add, Bur now it inall the given time the Sun be in 
Nnn rH #2 the 
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the Weltern Quadrant, and the Parallax atthe beginning of this time be greater 
than at the end, then add the differences of them ro the Moon's true Motion from 
the Sun ;, bur it it be leſs, then take « away. Laſtly, it the T ime given be divided 

erween both Quadrants, lo as that the firſt part is ſpent in the Ealtern, the Jatter 
in the Weſtern Quadrant of the Ecliptick; then you mult take the Summ of both 
Parallaxcs from the Moon's true Motion trom rhe Sun : So there comes the Moon's 
Apparent Motion from rhe Sun for the given Intcrval. You may calily gather the 
Realon of this latter Rule from what was juſt now laid tor the Explanation of the 


Former. 


—_—_— 


P ROB LEM XI. 


To compute the true Place of the Sun, and its Diſtance 
from the Earth by the Rudolphine T ables. 


| he the year 1582: Nov. 23, Current d. 16. ho. © min. from Noon-day, in Appa- 
rent time, let the true place of the Sun be demanded with reſpett ro Urenburgh ; 
that is, Nov. 24 Current d. of uſual Time, 4 ho. in the Morning. Therefore by 
the firlt Precept of the firſt Problem, when the given time falls not in Leap-year 
after the end of February, and the Hours arc in the Fore-noon, let two be taken 
from the given Number of days, and let Twelve be added to the Forc-noon 
Hours z ſo there is niade Nov. the 22 complete d. 16 ho. and ſecing the true place of 
the Sun is in 12 deg, 7, there is taken out of the firlt part of the Table of Equa- 
tion of time, the firſt part of the Equation of time, 6 min.(omitting the Seconds) 
with this Title, Subrrat- Where che time firſt Equared becomes Nox. 22. d. 
15 ho. 54 min. Again, by the ſame Precept of the firſt Problem, the Current year 
ot our Lord being given, iz, 1582, let one be taken _ and there remains 
the complete yeat of out Lord, 1551, to which is always a ded the number 4713}, 
and there is made the complete year of the Zulian Period, 6294, and above Otteler 
complete d. 15 ho.54 min; which is the Aſtronomical time fitted tor our going to the 
Rudolphine Tables. For the 7 min. 53 ſec. which are mentiou'd in the Second precept 
of the firſt Problem, do not belong to the Rudo{phine, but only to the Solar Tables of 
Tycho , though yet the latter part of the Equation of time is by all meansto be fitted to 
this, as well as in Tycho's Solar Tables ; which one thing I chought good to hint in the 
ſecond Preceptof Problem I. before mention'd, leſt you ſhould perchance miſtake the - 
ſenſe of thoſe words. But we ſhall then be able ro find the latter part of the t quation 
of Time, when we have found the Sun's Apogee, and from that its middle Anomaly. 
Butnow omitting the Epxcha of 6009 years, for the remaining time that has been laid 
open, we take out of Table XXVI. the Sun's middle Motion from the /Xquinez, 


The mid. Mor. of © from Y. 
Years =_ 0041981 


0216793 
I OO16628 


4 
Oftob. complere | 8323241 
d. complete 22 | 0602340 
h.i5 | oor7li2 * Note, that in the Table 
m.54 | 0001027* of Minutes one Cypher is (till 
to be prehix'd, 
GO19122 


The Epochaof 6000 | 7994972 Table XXV. 


— 


' a5 follows: 


Mid.Mor. © from y | 1.7014094 


There 
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— Thete have paſt ſince the Epocha T ropical Ycars 294.5019 
The Logarirhm of which Number 15 Sf 2.49296776 & 
The Log. of the mid. Mot. of the Apog. of © in Trop. Y. 2-2334617 Table XXV. 


The Log. of the mid. Apog of © inthe time laid open is 0.7031393 


- Sig. Deg. 
ſc abſolute Number 1s 0 IT : 
os E or wg the mid. Mot. of the Apog. of ©, 6609 3 0.3775 Table XXV.; 


The Place of the Apogce of the Sun ——— 3 5.4257 6 


part. dec. circ. | Deg. with dec part. 


The middle Motion of the Sun from Aries 70 | 252.0 Table X XVIt* 


I4 | 0.504 
Og 0324 
435] -- 1449 


| 252.5073849 
| That is 8 -12:59737 6 1: 
The Place of the Sun's Apogee ( Þ&) ———3 5. mts 5 Subt.. 


2 The middle Anomaly of the Sun 5 5.0816 


With which is taken out of the latter part of the Table of Equation of Time; 
the latter patt of the Equation of Time 3 Min. ( omitting the Seconds) with the 
Title, ſubrraft. Wheretore the true Aſtronomical Time 1s Now. 22d. 15 h. 51 Min: 
And now to thoſe 3 Min. does anſwer out of Tab. XX VI. the Particle of the Sun's 
Motion 0020057, Which is to be ſubtrated from the middle Motion of the Sun be- 
fore found for the time laid open above the entire Revolutions, to wit, from gotg1 22 z 
and there remains the ſame middle Motion of the Sun more exaf 9019065. y 

And the ſame Parrticle of the Sun's Motion, viz. 0000957 being multiplied by 3G, 
the two laſt Figutes being caſt away, it affords 0.0921 decimal parts of a degree, 
which atc alſo to be drawn from the middle Motion of the Sun from Aries, above 
turn'd, ro wir, from > Sig. 12 Deg. 5073, and the ſame will remain more cxa&, 
"7 of 8 Sig. 12 Deg. 5052. d\ | 


Wich the middle Anomaly of the Sun, 5 Sig. 7 Deg: o$16 is taken out of Ta- ' 


ble XX VIII. the Proſthaph. of the Sun 0.81995 S. which it it be taken from the middle. 
Motion 8 Sig. 12 Deg. 5952, there remains the true Place of the Sun 8 Sig. 11 Deg: 
857. Now to the ſame middle Anomaly 5 Sig. 7 Deg. 0816 does anſwer our of 
the fame Table XX VI. the Logarithm of the Diſtance of the Sun from the karth, 


ut. 399277: & 


— ——_— 


PROBLEM XI. 


To find the Heliocentrick Place of the frue Plantts in the 


Ecliprick, and alſo the curtail d Diſtance of the ſame 
from the Sun. 


HE middle Motion of the Sum for the time laid open, above the entite Re: 
A ago, and which was mark'd in the foregoing Problent by the Letter y, 
25 9019065. | | 


To 


Cursus MarugtmarTicus. 


Book 1X. 


Whoſe abſolute Number is —— ——— N 3.2558 
The Epocha &Q 4 6000 ens — cwmwo——_ —— 13.2867 


—_— —_ 


| | To which does anſwer the Log. i.955iGis 
The Log. of the mid. Mox. of g ina T ropical Year 1.72565*3 Table XXXy. 


The Log. of the mid. Mot. of & for the time laid open a 
above the entire Revolutions 1.6808258 


To which anſwers the abſolute Number 


| 4795455 | 
The Tropical Years 4 126507 
92 853160 \Table XXYV. 
200 342372 
The Epocha Goco 426108 
T he middle Motion of Mars from Aries 2.2260860 


The Log. of the Tropical Years from the Epocha (x) 2.4696776 
The Los of the Mot. of the Aphel: of 3 ina Trop. Y. 2.2694130 Table XXXV, 


The Log, of the Mox. of the Aphel. of 4 intimeexpan. 0.7 390926 
| : Sig. Dee. 
| Whole abſolute Number is oO $.4839 
The Epocha of the Aphel. of Mars 6090 4 23.1778 Table XXXV, 
The Place of the Aphelion of Mars —— 


' Decimal Parts of a Circle. | Deg. with Decimal Parts. 


4 28.6617 7. 


The middle Motion of Mars from Aries _ On - Table X XVIL 
| 2.1 
3996 
$1.39556 
St De 
"FREIE > 21,39 


The Place of the Aphelion of Mars (2 )—— | 4 28.6617 
The middle Anomaly of Mars ) 22.7392 


With which is taken out of Table XXX VI: the Proſthapheereſis of Mars 9.3308 A. 
which being therefore added to the middle Motion of Mars from Aries, to wit, 2 Sig. 
21 Deg. 390g, it makes the Hceliocentrick Place of Mars in the Orbit 3 Sig. 7217. » 


Again: The Log. of a Trop. Y. from the Epocha (&) is 2. 6 
The Log. of the Mor. & & from y —— — Table XXXV. 


The Log. of the Mot. & & in time laid open ——- 0.526559 
Sip. Deg. 


— - - | — 


The Place & g — — 1 16.5425 

Sig, Deg. 
From the Heliocentrick Place of 5 inthe Orbit(y) 3 0.7217 
Take the Place of 2 4 oc 16.5425 


There remains the Argument of the Larirude of Mars x 14.1792 


With which, our of Table XXX VII is raken whe Inclination of Mars 12838, 
and the Reduftion 0.0147 S. Th 
Erc- 


TO 


part V. The Theory of the Planets. | E 81 


R—— ' OD 


| : Sig Deg, 
Therefore from the Helioc. Place & in the Orbit — 3 0.7217 
Take the Reduction —— = —— O oilgy $ 


And there remains the Helioc. Place of & in the Eclip. 3 0.7070 9 


ain With the middle Anomaly of Mars Sig. 9 Deg. 22: 7292. out of Table 
Me. VI. is taken the Diſtance of Mars from the Sun 429100; and of the Inclination 
of Mars 1.2838 the Sign of Complement is 9gg9gSg, whoſe Arithmetical Comple- 
ment is 11, which is the Curtation of the Diſtance of Mars, to be taken from the 
ormer Diſtance of 420100, that there may remain rhe curtaild Diſtance of Mars 
om the Sun 420089. 4 | 


WET 


PROBLEM! XIl. 


To determine the Geocentrick, place of the Planets in the 
Z odiack according to Longitude and Latitude. 


N the Triangle chat lies between the Sun, the Earth,and the Planer, are given the 
[ two ſides, apat arc extended from the Sun to the Earth and the Planer, with the 
External Angle to the Sun; to wit,by raking away the true place of the Sun from the 
Hdiocentrick place of the Planer in the Ecliptick; or this from that, that-the Re» 
mainder may. be leſs than the Semicitcle. And here is ſought the Angle to the 
Erth, which, in the upper Planets,isthe greateſt of the unfhown Angles, becauſe o J 
= toan upper Planer's diſtance from the Sun,that isgreater chan that of the Earth 

in the lower Planets it is leſs, becauſe oppolite to a leſs diftance of a lower 
Planet. In our Example therefore, | 


| Sg. Dee. | 
The tfue place of the Sun found by Prob. XI. is 8 11.6857 \ SubtraR 
The Heliocentrick place of 5, found by Prob. XII (8) 3 0.7070 


| . The External 4% 1 to the Sun, 5 10.9787 

J The half of which, 1s 2 20.4893 - 

The Curtail'd diſtance of 5 from © by Prob. XII. (1) 42 4 SubtraRh 
The diſtance of the Earth from the Sun, Prob. XI. (*t) * 399277 | 


1040812 58.2314 


45 
| 037130 13.2314 
1077589 B0.4893 


1014719 54-5283 
The Angle co the Earth, 135.0176 


Sig, k 
T har is Ny I — i 
The true place of the Sun, 11,6857 


The Geocentrick place of 4. 3 26.6681 


And here you muſt rake notice of this Rule : When the Heliocentrick place of 
the Planer in the Ecliptick, has been taken away from the true place of the Sun, as in 
this example; then the Angle from the Earth is likewiſe taken from the Sun's true 
Place: Bur if the true place of the Sun be taken from the Heliocentrick place of 
the Planer; then the Angle to the Earth is added to the Sun's true place, that the 

trick place of the Planet may appear. | 


For 


A_— 


Cursus MarHemarTicus. Book IY. 


RT On - EE ERT, 


For the finding the Latitude of a Planet, 
The Rule was given ScCtion the II of this Book, Chap. XX1II. 


As the Sign of the Angle to © (160.9787) 951411 
is ro the Sign of the Angle tothe Earth, (135.9176) (84935 
So is the Arch of Inclination _ _ (1.2838) o19859 
co the Arch of Latitude. (2:7844) 044474 


The Latirude of Mars is found tobe 2.7844 ; which, becauſe the Argument of [ 2. 
titude by the foregoing Problem, was 1 Sig. 14 Deg. 1792, is theretore Aſcending 
Northward, while the Planets tend from & to the Northern limit; thence to +3 it 5 
Notth deſcending; from © to the Southern Limit, it is South, deſcending ; laſtly 
from the Southern Limit to & it is South aſcending. ' 


PROBLEM XIV. 
To find the Longitude and Latitude of the fixd Stars 


at any time that is gruen. s 


m_— _— 


| ſe the beginning ofthe Soar 1676. let the Longitude of the firſt Star in Aries be 
ſought: 248 one from the year given, there remains the compleat year of 
our Lord 1675, and adding 4713, there is made the compleat year of the Julian 


Period, 6388. ES 
The Logarithm of 388 is 2.58883 
The Logarithm of the middle Motion of the fix'd 2.15126 Tab. XXV. 
. Starsina Tropical year. 


0.74009 
| $1e. Deg. 
Whoſe abſolute number —— - O 5:4966 | 
The Epocha 6ooo. — o 23.1825 Tab. XXV. 
The Longitude of the firſt Star of ry, © 286791 | 
The Longitude of Siriws from the firſt Star of 9, 2 10.,75 Tab. XLIV. 
The Longitude of Sirius from the Zquinoz, 3 9.6541 
[The Laticude of Sirws, O Jg9.500 * Tab. XLIV. 


Now the Latirudes of the fix'd Stars, are by moſt Learned Aſtronomers thought 
to be — and therefore they continue always the ſame, as they are taken 
out of the XLIV Table; bur if che Longitude of -any Star be demanded at any 
other time after the beginning of the year, you mult add for every Month, 0.0012, 
and for every week 0.0993 parts (i e, #0000 parts) of one degree. 

And now having ſhown the uſe of Tycho's, as well as of the Rudolphine Tables, 
both by Precepts and Examples, I ſhall hear to this IV. Seftion, ar.d ſo ro my Aſtro- 
nomical Inſtitutions put | 
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"Tychs' ape = Later Tables. 
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TABLE TL 


Tycho's Solar Efochz, oy _ to the Meridian of Urenburgh, at Mild in the 
Calends of January. 


— 


Years of Motion of the Sun. Anomaly ex -1 Sun. | Place of the A 
Chriſt. & | De. Mi. vec. | IL De. Se. | St. De. MS 


1401 9 22 16 213 


I5OI 20 O09 20-406 
ICOI 20 55 25 - 15 


1701 21 41 14 46 
I80I 22 wy: 14 17 


T ABLE IL 
A Table of twenty expanded Years, 


Anomaly of the Sun. Motion the A | w 
$1. De. fab ol by nf 


-| 


—— 


IT 
IT 
IT 
II 
; T1 


45 
30 
I5 
(@,0) 
45 


30] 
I5 
OO 


45 


II 
II 
T1 
II 
It 


II 
II 
'S | 
| 
II 


TI 
Ii 
II 
II 
II 


' 
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Tychos Lunar Tables. E $35 : 


TABLE IIL 
A Table of Months in a common Year. 


ma OR 


7. - 4 © Mite of che av: Anomaly of the Sun. | 4p. Moe. | 
Maths, | De. Se Th. | Si. De. Mi. Se. | Se. Th. 
ſanuary = 09 OO O95 18 OO t ©O/ © O©O GO | © 2 ©O 
February | 06/00 3Þ + 2 15ſot oo 33 14 03 A 
March Or 28 Og 11 30; or 28 og. oq4| 07 16 
April | O02 28 42 29 45 | 02 A 42 19] 11 of 
y | o0Z 28 , 16 : 3p | 03 28 16 25 114 47 
nc o4 28 49 57 54[o4 28 49 39118 36 
| of 28 - 24 o7 a4g{o5 28 '2} 45!22 i8| 
Auſt | 05 28 G6 04106 28 6 08 
Auguſt *: a8 57, 26 og 57 ©0|26 © P 
—_— Oo 29 309 44 i9107 - 29 30 14129 J71: 
o8 29 O4 54 14|8 29: 04 20133 all 
| November jog 29 38. 12 28]9g 29 37 35137 29l 
|| December [19 29 12 23} 23}10. 2g mu a4r[4gr 11| 
1 Tearly Mot. | it - 29 45 | 49, 381 It 29 44, J51 45 OOl: 
TABLE IV. 
A Table of Days. 
—— i _ 
|T [peed % Th. | | & [pe MS Th 
| BY 00 59 o8 20| |; I7 | 16 45 21 57 | 
SS or. 16 40 | I I 44 29 17 
X f 1 EW 39 9. |? 43 38 37] 
| 4 [oz - 56 33 .19 | ——=- 46 56 
| Ms 55 4t 39 ar [20 41 56 37 
6 .lo5 54 41 591; 22 |2r oz is[ 
70 Oz 53 58 19 | 23 bn 40 1T | 
| $ p- 53 05 39 | 24 | 23 Jo 19 56{f; 
9 ok 52 14 58 25 24 38 28 16 | 
1 10 lan Fl 23 "1 | 26 23 37 36 3J 
1. jo 5o 31 2v3z338[] 27 126 36 44 55 
12 iz 49 39 58 | 28 | 2 35 $53 i5 | 
7-246 | 12 48 - 18 1 29 2 35 Ol 35 LU) 
11: 7 $#..97 01.» wh 
Lo lug ee 571, 1 pp y On 
Tn Ee ———— X 
| 16 | 5 46 13 17 | IE: 
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 Tychos Silan:and Lunar Tables. 


T AB EE VC 
An Horary Table of the Sum. 


Mition of the| Hour | Motion of theli Ho. | —_ of. | Scrup. Motion of 7 
95 | | and | . Sun,” |and | the Sun. | and | the Sun 
Mi. Sec. Th. Scru. Mi. Sec-Th- Ser-—j- Mi. Sec: 


— 


O2 SI | 17 53: 24\\32.|r: 19 
o4 .42\'| 18 ; 2T - 1511 33 21 
07 49 06, 34 
09 | | 16 +56,| 35 
2 19" 14 | 44 47, | 36- 


14 


& | www» 


Ln 
0D VI 


WY 
[-] 


Sec Th. Fo. 


TABLE VI... 
inſlituted by T'ycho himſelf, ſerving for the four next following Ages. 


—_—_ tt  - 


| Long, of the Man from the: PRE Anom of the Moon. | Mat. of the Moon's Lat: 
Sig. Deg. Mw * Sec. 51g. Deg Min: Se. | Sig. Deg. Min. be. 


1 06 I5 O09 1.26 OZ 23 28 46 (0's) 

22 13: - | 19 410 tiy-Jo 1a 
29 I7. . 13 | 05 odc 29 35 | Q3 
oF -! 21 od | 11 16 ©0 O0| 06 
13 25 | ©0.| 06 07.130 25 | 08. 


th..4 i 4 
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TABLE VIL- 
A Table of twenty expanded Years. 


Long, of the Moon from the Sun. | Anom.of the Moon. | Met. gow Moon's Lat. | 
{ Sig. - Deg. Min. Se, Th. | Sig.Deg Min. Se. | Si g. 


40 28 
I9 27 
59 | 08 26 
20,00 O7 
(0, OO 


Tychos Lunar Tables. 


The- Reſidue of Table VII 
A Table of twenty expanded Years. 


— mm ——_— et Rem —— 


ger rr rr———— 


Long. of the Moon from the Sun. 


1 6 | 02 Og = 42 - -4© | O6 O©5 22 40| 06 

06 I9 33: o5 19] 09 04 og 48| 11 
; II II 21 54 . 41 | 00 15 '52 50 | 04 
9 | 03 20 59 17 20|03 14 35 58 | og 
o | 08 OO 36 40 © ©0| 06 13 19 Os |-02 


Y ones the Moon. | Mot. of the Moon'sLat. 
*7* | Sig. Deg. Ra Sec. Th. | Sig. Deg Min. Se. Sig. Deg. Min. Se. 


Ix | 00 10 14 o2 4q0| o9. 12 023: 1307 


13 | 09 it + 40 14 :41 | 03: 3% JHCRLLOT 
14 j Ol 21 17. 37 -20 | 00; 31 LS 
;15 [06 - 00 + 55 oo 00,09 19 58 38103 


| — 


16 þ 10 2 03, Af 31 
27 jo3 7-02 232. 32. 01 
I 18 !o7 1i 538 34 41] 06 29 11 55 | 06 
to | 11 * 21 35 | :57 21 [:09; 37 $$; 034 41 
*20 104 13 24 45 42 p01I' O09 42.05 þ O5 
40 j 08 26 49 33 24j 02 Ig 24 10j1o 
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A Table of the Parallazes of the Sun and Moon in the vertical Circle. 
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A Table of the Refrattions of the Sun and Moon 
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| 


Mid. Motion of the Sun from 
the Zquinox in expanded | the qu. in the Months of « 
Years. | | common Tear. 

Lf 1 Decimal ts | * Months | Deciau? arts 
hers. of a Grids. compleat, a Girtke. of 
B 1 0020744 Janu 0848752 T 
2 O214109 Febru. 1615366 
3 | 0007474 | March 2494117 
4 | oovolleo | | 4pil 3285490 
B 5 | c021584 | May 4134241 
6 = 7 | Zuze | 4955614 
7 | 314 | Jab 5804366 
t ooor679 Auguſt 6653117 
B g | 00224238 , _ 7474499 
Io 0015789 | Ottober 8323241 
II | cooglye | dive. 9144614 
I2 | ocO25lg | em. 9993 365 
B 13 002326 —— _ 
14 OO1662 Mid. Mot. ©. from the Fq.m 
IF | 0009993 ! the Months of a biſextile Near. 
16 {| 0003359 Jan 0848752 
B x7 0024103 {| Febru. 1642745 
18 3 oo17 | March 2491497 
I9 | OOI 3z April | 3312869 
20 ©OO4 I May 4161621 
40 0003396 | June 4982993 
Go | o012594 July 5831745 
8 ; 0016793 | Auguſt 660490 
100 | 0020991 | tem. 7501869 
209 0041981 October 8350620 
300 | 0062972 | Novem, 9171993 
400 0083963 Decem. 1.0020744 
> | 8 | een 
944 ore, That the Table of expan- 
ded Y only with | 
9-6/7) Þ bu nat Epoch. inthe year of the Fulian 
- w car 1,5,9,13,17, 
800 0167926 above he rock wan —_ 
900 or188917 | oran hundred, arc bifſext. 
1000 


0209907 


_ _ 


CDI ro  UgrL cw OR > one et WE O_o 


Middle Motion of the Sun | 
from the Aquinox in 
Days. _. 

Days | Decimal parts of 
compl. g Cicle. 
s | Or 
a 0054758 
3 0082137 
4 | OIO95 16 
ft OI 36895 
6 0164274 
7 OI91654 
8 0219033 
9 0246412 
io | 0273791 
TI 0391270- | 
72 0328549 | 
I3 0355938 
I4 0383307 
I3 04106 
16 0438065 
wg 0405444 
18 | 0492523. 
T9 ©5 20203 | 
20 0547582 | 
ws 0574961 ; 
22 0692340 
23 29719 
*y 0657098 
25 | 0684477 | 
26 0711856 | 
a7 0739235 qt 
28 0766614. | 
29 93993 
30 | / 0921372 | 
Tn |} 0849752 
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The Reſidue of Table XXVI.. 
The middle Motion v the Sun from Aries in the expanded Years, —_— Days, 


Hours, and Scruples. N 
i e—————_—_—T_T 7 | 
Mid. Met. of the Sun from | Mid. Motion of the Sun from | HS be Equin _ | 4 | 
fe wy "hn in Hours, |} the Aqu. in Minutes. gia cor | | | 
—_ r_ P——  —— _ — } 
HE Decimal part s . Decimal parts of Fs | Decimal patts [40 
Hours, | of a Circle. | Ohane. a Circle. | _ 0 Cole þ | 1 | 
Mn— bY MM nar [ 122-000 pI IAIN mY. IO Leen ee + 
—_ | COOITI n | I OOOOI JO 31 0005894 [: : | 
Ty 00022 2 0000380 32 | ooobo84 || 
2 | 000350 — Ab, 0000570 33 | 0006274 [| 
4 0004563 s-4 ©O000761 34 0006465 | 
5 | 0005704 5  CODOgFT 35 0006655 
6 } 0006545 &- | - cooper 35 | oood845 | 
| 7 | 0207986 Z | COOITZZL 37 0207035 ] 
| ©0091 26 ORDI52I 38. 0027225 
þ 9 0010267 9 ODOI7IL 39 0007415 ® |} 
1 10 OOI 1408 10 OOOTI gOI 40 0007605 | 
EY IN —— | —— —-— | 
1 It | 0012549 II | 0092091 1 Al | 0007796 |: 
| 12 | o013690 12 0002282 42 0097 | 
| 13 | o0o14830 r3 0002472 43 0008176 
14 ODI597I I4 0022662 44 | 0008366 
( If COI7II2 I5 | 009285 2 45 | 00085 56 | 
| 16 OOLS25 3 | 16 0023042 46 coo8746 | 
17 | 0219394 | I7 0003232 47 0008936 
18 00205 34 18.  ©003422 48 ©0091 26 | 
| 19 | 0021675 I9 000301 3 49 0004317 
20 i 0022816 20 | 0003803 | 30 c0299507 F|f 
| 21 | 0023957 2, | oo0399} !' 51 | 0009697 | 
| 22 | 00250G7 | -"X5 + oþ 0004183 52 coog887 | 
| 23 00 6238 23 [| 0004373. | J3 ODIOO77 | | 
24 | 0027379 = 1 0004563 54 0010267 . 
25 | 000753 | 55 j| 09ag57 | 
— Es, > ann — — | — — — — _ _ — 
26 0004943 | 56 o010648 |} 
| v7 c005134 57 | 0010838 | 
28 ©OO5 324 58 0011028 
| | 29 ©O00FFI4 59 | OOITI218 [ 
| Zo 0005704 60. | 0011408 | 
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T ABLE XXVIL 
A Table of the Converſion of the _—_ of a Circle into Degrees, and decimal parts 


of Degrees, 


—  —_—_—_—_—_w_——m_m— 


is. —_— — 
—orm—nn———_—— 


T-_ ;: | Dec a | ees or > oak. Decimal | Degrees, or deci- 
Decimal De: rees Or deci | D com t m parts of De- 
parts of | a. parts of De- _ boa - = Gb ed. grees. 

a Circle. | prees, 42 ra 210.7 | (1) (2) 210.1 | | 

(1) (2) i (3) (4) 0123 |(3) (4) ns ET 
1G) & $o4 (5) (6) 0.Ta3es. © [057 02. _ | 

a pe Donzm we 8 67 _- t 
| OI _ | - | 4 68 - | 

Ps. yon | 1] 1296 69 4 | 

© 2 | : | 1332 70 | 2900 ( 

2 
*: | —1.2 O_o. <a 
m_ RT | erg NE, 2 p 
bs 0216 - | 39 _ Len 2618 | 
| os 0288 | ar | 3s - | 76 bon BY 
0324 42 15 | 2776 
bt 0360 43 | _ | - 4 | 
— 35 1584 77 277% |; 
=. 03g = | 1620 78 2608 J! 
| ns 043 46 1656 79 28 [ 
x 13 0468 7 1692 8g 2889 
Ul 14 os þ- 1728 81 2916 li 
ji Wl $25 Þ ne {| ca — 9 
| "65 hes 176 82 29592 | 
$M as | = = | 1300 83 2988 | 
| 38 gs | 3r | 1836 | 8 3024 
I8 52 1872 8 ( | 
i 26 0720 33 en LE 
| 7% RT a 2 3132 

21 I : 9; = $8 3168 Z 

$8 Wo | 56 2016 89 5204 

$4 o864 | 57 2052 | 90 _ 

| 25 0990 | 58 2088 | 91 _ 

Þ 3312 Nt 
| - 160 | 93 3345 7, 
| 27 | = 2196 | 94 3384 | 

WT-|liw| 6 | 2232 | 55 -—W} 

| - roto 1 | 3 34) JEN 
| 399 
| 3528 
5 IIF2 65 2 340 6 
Fo 1188 | 65 __ 
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T ABLE XXVII. 
A Table of the Equation of the Centre of the Sun. 
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Subtraf?. | 
—— —— || 
Hon 9. | Sign I. N1gn 2. | p [ 
De. dec. P. Log«di ackarai P- Log. di De. _— | Log. di. * | 
00.9000 | 400775 | 01.0114 | 400677 | 01.7667 | 400398 Jo | 
00.0353 | 490775 | 01.0419 | 400668 | 01.7847 | 406389 29 
090.0706 | 400775 | 01.0717 | 400659 | 01.6022 | 400376 28 [ 
20 1058 | 490775 | 01.1019 | 400655 | 01.8192 | 400353 27 
00.1405 | 400775 | 01.1317 | 400647 | 01.8358 | 400350 26] 
00.1758 420771 , Ol.IG19 | 400638 | o1.8517 | 400342 254 
00.2106 | 409771 | 01.1897 | 400634 | 01.8669 | 400329 24 | 
00.2453 | 400771 | o1.2181 | 490625 | 01.8819 | 400316 23 
00.2806 |} 40076 01.2464 | 400617 | OI-8g61 | 499303 22 | 
00.3158 | 499766 | 91.2747 } 400608 | OI.giz2 | 400299 21 {| 
00.3596 | 400762 | 01.3025 ! 490599 | 01.9239 | 490277 20 | 
00.3856 | 490762 | 01.3303 | 400591 | 01.9356 | 400264 19| 
00.4200 | 429758 | 01.3567 | 400584 | 01.9475 | 400252 IS], 
09.4547 | 499753 | 01.3833 | 400574 | O1:9592 | 400238 re 
00.4919 | 420751 | 01.4097 | 400565 | 01.9703 | 400225 24 | 
00.5236 | 450749 | 91.4353 | 400557 | 01.9806 | 400212 | 15 1 
00.5606 | 400745 | 1.4603 | 4005 | 01.9993 | qgoolgg | 14 | | 
00.5906 | 400749 | 1.4850 | 400535 | 01.9992 | 400186, | 13 
co.6181 | 420736 | 01.5194 | 400527 | 02.0078 | 490173 I2 | 
00.6581 |- 400732 | 01.5336 | 400518 | 02.0156 | 490160 II | | 
| 0 00.6917 402728 | O1.5569 | 400509 | cnanes { 400147 101 
u | c0.7244 | 400723 | 01.3805 | 400497 | 02-0292 | 400134 9 
2 | 00.7575 4207169 O1.60JI 400488 020358 [| 400121 8] 
23 | n0.7883 | 400715 | 01.6256 | 400475 | 02.0414 | 490198 71 
24 | 00.8219 -| 400711 | 01.6497 | 400467 | 02.0467 ; 400095 (s) Z 
5 00.8542 | 4090702 | 01.6675 | 400454 | 02-0596 | 400078 5]. 
[26 | 00.8861 | 4o06g8 | 21.6900 | 400445 | 02-0542 I 400065 4]. 
27 1 00.9178 | 400694 | 01.7094 | 400432 | 02.0572 | 400052 | 3 | 
8 | 00.9503 | 400685 | 01.7292 | 400419 | 02.0597 1 400039 2 | 
29 | 00.97;4 | 400482 | 01.7453 | 4004IT | 02.0614 | 40002 I [ 
jo | o1.0114 | 400677 | 01.7667 | 400398 | 02.0625 | gooor3 of 
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TABLE XXVII. 


A Table of the Equation of the Centre of the Sun. 
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399321 


Subtract | 
Sign 3, Sign 45 Sign 5, | T f 
. D.dec. p- | Log. di. | P-d<c- p- 1 Log.di. | D. dec. p | Log.d | N 
2 es onpamwns $a [4 
02 0625 | 400013 | 91.8064 399616 OI.OFIT | 399321 30 |; 
02.0628 | 450000 | 01.7886 | 399607 | o1.o189 | 399313 | 2 E 
02.0622 399957 O1.7703 399594 00.9869 | 399308 ! 28 
02.0619 | 399974 | 91-7514 | 399585 |: 00.9547 | 399299 | 27 
02.0606 | 399961 | O1.73I9 | 399572 | 00.9222 | 399295 j 26 
02.0575 | 399943 , ©1.7119 | 399559 | 00.8889 | 399290 | 25 
02.0553 399930 | 01.6908 399550 00.8553 399282 | 24 
02.9517 , 399917 | 01.6700 | 399537 | 00.8222 , 359277 | 23 
02.0483 | 399904 5, O1-6481 395524 | 007886 | 399273 1 2 
02.9436 | 399891 | 01.6258 | 399515 | 00.7544 | 399269 | 21h] 
_ LR mm _ k 
02.9381 399874 01.6028 399506 {| 00.7200 | 399264 | >| 
02.0331 | 399865 | 01.5808 | 399493 | 00.6856 | 399260 | 19 
02.0267 | 399832 | o1-5572 | 399480 | 00.6506 | 399255 | 181 
02.0192 |. 399835 | 01.5331 | 399471 | 00.6156 | 399250 | 17 [ 
02.0114 | 399822 | 01.5083 | 399462 | 00.5806 | 399246 j 161: 
' 02.0931 | 395808 , 01.4528 | 399449 | 00.5450 | 399242 | $ | 
01.9947 | 399795 | 01-4569 | 399441 | 00.5194 , 399238 | 14}. 
01.9850 399782 |; 01.4308 | 399432 | 00.4739 | 359233 | 13] 
01.9747 | 399769 | 21.4942 | 399423 1 00.4361 | 399229 | = 
01.9639 | .399756 | 01.3744 399412 | ©0.4022 4 399226 1, 1I || 
OI.9525 | 399743 } 01.3497 | 399401 | 00.3661 | Ion, 
01.9408 | 399730 | 01-3222 j 359392 | 00.3297 | 3599224 | 91: 
01.9283 | 399717. | 01.2936 | 399383 | 00.2939 | 399220 | Sq 
01.9153 | 399704 ! 01.2647 | 399378 | 09.2572 | 399220 | 7 |} 
OI 9014 | 395695 | 01-2353 | 399367 | ©0.2206 | 399220 6 |! 
01.8867 299682 01.2956 | 399360 | 00.1839 : ma 5 
01.8692 | 399669 | 01.1756 ' 399352 | 001469 | 399216 | 4 | 
o1.8564 | Z99656 1! 0:.1447 | 399344 | ©9.1106 j 399216 31: 
01.8400 | 399642 | O1.1139 | 399335 | 00.0736 | 399216 2 
O1.8231 | 399629 | 01.0825 | 399326 | 00.0369 | 399216 I 
01.8064 399616 OI.OFINI 399216; ©O 
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TABLE XXLX. 


The Epochz of the middle Motions of Saturn, in the Tears of the Julian Pericd, for the M-- 


ridian of Urenburgh, i the Kalends of January, the Mrd-day of Aſtronomical Time, ac- 
cording to the Julian Account. 


On ———— 


Middle Motion of Sa- } Middle Motion of the Aphe- | Middle Mae. of the northern 
tutn from the Aqui- lon of Saturn from the Node of Saturn from the 
NOX- M4q UINOX. Mquinox. 
In a co. | Dectmal | In « comp. Degrees LJ | Degrees 
| Te Pe- parts of a Fella Pe- 8 with dect- | Tee of the o muh deca- 
md. | Circle. riod, * mol parts. riod, > mal parts 
| —_ _ "Ce wie 
of | 026400 o | O04 13.2536 — 11 Y£5.7004 
1000 | 012229 1000 | O5 42748 100 | oo 5.5485 
2000 | 998059 2000 | O5 25.2959 2000 | ©) 25.3966 
3000 | 983888 3000 |. 06 16.3170 3000 | on 15.2447 
4000 | 969718 4050 | 07 _ 73381 4000 O2 5.0928 
5000 l 95 53547 5000 | O07 28.3592 | $000 O02 249409 
6099 | 941377 6000 |, 19.3803 6000 | O03 147 
Loeithm of the mid. | Logarithm of the middle Mo- Logarithm of the middle Mo- | 
Mot. of Saturn tn tion of the Aphelton of Sa- | tion of the northern Node of 
| the Tropical Tear. | turn In the Tro pical Tear Saturn ins Tropical Tear, 
2-5 3128.87 2.32268.65 | 2-29771.49 
| Midile Motion of Saturn : | PETE E _ 
from the Aquinox in The Bounds of the Stations of Saturn: 
the Tropical Nears. = 
Tre, D "_—— tsof a | | J The Angle of Commutation, or the Angle 
Ret ER tt) to the Sun. 
O-12345-678 oO A 
SEE EE —— 
03398.512 a. 
2 06797.023 "SE _, | Second. 
13 | 10195535 | el 2 | : 
4 13594-9046 Er LS | ——— 
5 16992.558 Sig ig-De. d. p. cir. Sig.De. d. p. cir. 
| 6 | 20305078 | o's, | 0 23.80 0Z 23-95 
7 23759.581 of: OZ 25.45 03 ad 
8 27188.093 | 06 OZ 26.88 ) oz 26.83 
1 9 30586.604 | O09 03. 2462 - | oz 25:33 | 
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A Table of the Equation of the Centre of Saturn, 
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02.2939 
02.3933 
02.4925 


02.5928 
02.6889 
02.786 
02.882 
02.9786 


| p—_— : - 
anvim—_—_ dm —— 
> O— —  — — 
—__— ——_— ww — 
( | 


"ll 


— 


co — 


—cIr__—_ WOO EEE org wn neem et_— ————— _———w—_—— A 
- i —_—— —W———__ —————_—_———_—_———— 


& | *$29489q | 


"Sb POTS 
"Zin I. | EE _— 
De. p.d. Log.di. De.p. d. | Log. di. 
} 05.4528 1; 499136 
wont | _— O5 5128 | 499101 
3-I651 | 4999 : 
03.2614 499902 ay wow? 
0343539 | 499880 | 05.628} 49903 
03.4456 | 499859 | 056036 49 996 
c 5265 | 99338 | 05.7372 | 493960 
Te | —— 05.7889 | 498923 
8 9 05.8394 | 498886 
2egt | oe | ads es 
03.8242 i 499772 | 05.887 490049 
03.8914 | 499747 | 05.9347 | 49 
4 
977 99724 | 05.9800 } 498774 
<< 499696 | 06.0239 | 498736 
04.146 | 499675 | 06.0664 | 498697 
SET 06.1072 , 498658 
04-2292 | 499649 | 1073 « 49865 
04.3108 | 499623 06.1464 | 49 9 
04 > | 49858 
96 | 06.1833 | 495580 
04.4708 29957 | 56.2183 | 498540 
4 59542 | C6.2517 , 498500 
04.5486 | 45954 g - $460 
04.6256 | 499513 | 06.2831 | 4 2 
04-7014 | 492434 | 06.3131 1 49 
: 06.3411 | 4598378 
04.8483 459426 | 06.3669 | 498337 
deck 06.3911 | 4982 
04.9206 | 499395 — 
04.9942 | 499364 | 064133 $254 
05-0611 | 499333 | 06.4336 | 49 
”7 02 | 06.4522 | 498179 
want Eo 06.4685 | $128 
05.1972 | 499269 Ce 1 ds 
05.2636 1 499236 | © 4547 NN 
OF.3281 | 499293 | 06.4970 | 4 —_ 
C5.3914 | 499170 EN Abc 495 
R 8 
05.4528 | 491136 | 06.5183 | 45795 
Sign 10. | 
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The Refidue of Table XXX. 
A Table of the Equation of the Centre of Satuty. 


ned Ges rrEIS In Sr err — > —_— —— — ———— — x 
| Subtra&t, 
EE Sign 4. | | Sion 5. | | P | : 
De.p. d. | Log.-di De. p.d. | Log. di. | De.p.d. | Lazds | 
06.5183 | 497958 | 95-8539 | 490677 03-4775 495668 JO 
06.5256 | 49791 05.8008 | 496637 | 03-3714 | 495637 29 | 
©6.5305 497873 05.7458 496596 03.2689 | 495614. 28 
06.5331 | 497829 05.6889 | 496557 | 03-1631 | 495590 27 
c6.5339 | 497787 | 05-6254 | 499517 | 03-0553 | 495568 a] 
06.5331 | 497744 j 93-5686 496478 | 02-9469 495547 25 | 
06.5306 | 497700 | 95-5058 | 496439 | 02.8372 | 495525 24 | 
06.5256 | 497657 | 05-4417 | 456401 | 02.7267 | 4g5525 | 70. 
06.5189 | 497613 | 95-3747 | 496364 | 02-6153 | 495485 | 22]. 
06.5097 | 497579 | 95-3061 | 496327 | 02.5936 | 495466 | Fl; 
yy "WE ; —| wm "x Mn es 2 
06.4983 | 497526 | 95-235 496390 | 02.3906 | 495449 | 20 
06.4850 497402 OFJ.162 460254 | 02.2769 495432 I9 
06.4711 497439 05.0886 | 490217 O2.:619 | 495416 I8 
c6.4539 | 497396 | 95-0131 | 45611 | 02.0469 | 495400 | T7. 
06.4353 | 497352 | ©4-9361 | 499143 | 01.9908 | 495386 16 || 
06.4142 497309 | 04.8572 | 499112 | 01.8139 | 495372 5 
; 06.3914 | 4972 04.7769 | 499977 | o1.6967 495319 14 || 
06.3664 | 497223 | 04-6947 | 496044 01.5780 | 495347 | 13] 
09.3333 497180 04.6103 4gGOT 1 | 01.4597 | 495330 I2 | 
06.3097 | 497137 | 94-5247 | 49597 01.3409 | 495326 II | 
oo f =_ —_ _ - | WEE S8 » _ 
06.2786 | 497094 | 244372 495946 01.2197 | 425317 19 | 
06.2450 | 497951 04-3478 | 495914 | 01.0589 495 308 Ix 
06.2097 | 497009 | 042572 | 495883 | 009778 | 495301 | © b; 
06.1725 | 496967 | ©4-1647 | 493354 | COB507 | 4552 z| 
06.1325 | 450925 | 040703 493524 OO 722L | 4552. 6 
06.0908 | 446882 | ©3-9750 495799 | 006111 | 495283 5 | | 
06.0472 | 450841 03.8783 | 495767 | 02-4902 | 495279 4 | | 
05.0922 | 496799 | 93-7893 | 495749 | 003678 | 495276 | 3] 
05.9547 | 496758 | 036808 | 495713 | 002453 | 495273 | 2 |] 
w }. 95-9033] 496715 | 035797 | 495908 | 00.1228 | 495272 I [ 
i | 05.8539 | 496677 j 03-4775 | 495662 | 00.0000 495272 Sd; 
1 | Signs. Sign 7. | _ | 
| Y | Add E122 | 
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A Table of the Inclination of Satutn, 
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| 01.0697 


| 01.1097 02.9994 | 02:5275 
02.1242 | 02-5303 


Inclination. _ | 
Sign O, Sign 2, 
SignG, Sign 8, 
D. dcc. P» D. dec P- | 
SS Ol. 2667 | 92.1942 
pov E: = 02.2161 
02.2375 
= ©O. = 06 | 02.2581 
fox: GOTIO7 02.2778 
5 [HT 02.2967 
6] 00. 02.3147 
7 | 00.3053 02.3322 
©00.3519 0203492 
| 00.3956 02.3653 
00.4389 02.3806 
| coabrg 02.3953 
CO.5250 ©2.4092 
13 | 00.5681 | ©2.4222 
14 | 006108 | | 02.4347 
| 020.6536 02.4464 
00.6961 02-4575 
TE el 
OO. 77 
00.8228 | | ©2.4 864 
02.4947 
be FO22 
019959 02.5089 
02.5147 
ON.0292 02.5197 


02.5239 


01-1889 . 02.1491 | 02-5322 


27 | 011494. 
01.2281 


| Sign, 


' 01.2667 | 02.1942 


Sten 11, 


02.1714 | 02-5333 | 
| 02.5333 | 


Sign 9, 


Sign 4, j Sign 35 


TABLE XXX. 


| Sign 6, 


os . P. 


and of his Reduction to the Ecliptick. 


Reduction, Subtract 


Sign O, 


| —— — 


Sign 1, 


Sign 7, 


anion 


©0.0000 { OO 00.0242 


OO.COIL 
00.0022 
©O.00JI 


| 00.004 


00.0117 
00.0125 


00.0133 


00.0142 
00.0150 


00.0175 


| 00.0158 | 
OO.O167 


00.0181 


00.0189 
00.0197 
OO. 0203 | 09.0269 
00 4 00.0267 


— 


00.0247 


00.0250 


00.0256 


OO0.0261 


QO _ 


00.0267 


OO, way 4 
00.0272 
00.0272 


| Sign 2, 


| 


Sion 8, 


——_— 


D. dec. p. 


nh G—_—— 


| —— —— _— I 


00.0242 | 
00.0236 
00.0231 


00.221 41% 
| 00. ack 
OO. 0203 | 


09.0197 | 2 «4 | 


00 0189 


———— — 


00.0275 | 00.0181 


00.0275 
00.0278 
00.0278 | 
00.0281 


00.0281 | 09.0142 
00.0281 
00.0278 
| 00.0278 | OO OILJ 
CO. OT7Y 


OO. 00.0275 
OO 0272 
00.0272 


00.0175 
00.016 
CO.OI5 
| 00.0150 


00.0125 


—_— 


= 
09.0089 
00.0075 
OO. — 


— —— 


©0.0214 | OO. 00.0264 ©0.CO5O 


(non ©O ©0261 
00.0225 | 00.0256 
00.0250 
00.0236 | 000247. 


00.02 Z1l 


| 0O- 0242 


————_— 


| Sign In, go 1 Lo, 


Sign 5 , 


00.0242 


ouna—_pp__ - --—_ 


"Gow 4, 


00.0242 | 
00.9031 
00.0012 
00.0911 


| — 


00.0020 
—_— 


Sign Jy | 


monary — A——_—_—_ 


©224720 


OO 0225 vt 
OO 0219 519 26 
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ABLE AXIA. 


| Th: Epoch of the middle Motions of Jupiter, in the Years of the ulian Period, for the Me- 
1 -idiun of Urcnburgh, #n the Kalends of January, the Mid-day of Aſtronomical Time, ac- 
I cording to the Julian Account, 


— 


Middle Motion of Ju- Middle Metion of the Aphe- Middle Mot. of the northern 
piter from che Aqui- lion of Jupiter from the | Node Jupiter fraum the 
_ Aquinox. | Aquinox. 
In @ comp. Decimal In a comp. Gs Degrees . In a comp. _ Deerees | 
Fas Pe parts of a rtf = % with deci- #4 _ oF with deci- || 
| rid. Circle, riod, - mal parts. riod. > mal parts, | 
—| —— |: —[] 
Oo | g06I12 | o | 03 14.1282 | O I2 29.3005 F 
1000. | 337982 1000 O3 27.2343 to00 | OJ 0.2719 1 
2000 | 67985t 2000 | 04 10.3404 | 2000 OF 1.2433 [ 
z000 | 021721 3000 | Oq 23.4465 3000 | o3 2.2147 | | 
4000 | 363590 '5 4000 | O5 6.5526 4000 | | OZ 3Z-1861 | 
5000 | 705460 5000 -| O5 19.6588 5000 | oz3 41575 | 
1 | 60 | 047330 | 6000 | oO6 0.7649 | 6000 | oz F-1289 | 
| Lagarthm of the mid. | Logarithm of the middle Mo- i Loparithm of the middle Mc- | 


Mit. of Jupiter in tion of the Aphelion of Ju- tion of the northern Node of 
the Tropical Year. pitcr i the Tropical Year: Jupiter in a Tropical Near. q 7 
2-92603.41 2.11746.48 4-98735-64 (| 
A | W | 
Middle Motion of Jupiter = = 
from the Aquinox in The Bounds of the Stations of Jupiter. 
the Tropical Years. | | | 
Trop. Decimal parts of 6 I | The Angle of Commutation, or the Angle | 
Circle. a, : | 
Yars a = 22 FJ to the Sun. . 
I-12345.6 78 | Q 8 
ET i i} |———_- 
I 08434.010 SS 7 
2 16868 020 | - S " ſe | Second, (| 
3 25 302-030 T | — | 
4 4 ' 33736.040 m—— _ - I 
5 42170.159 | Sig. Sig.De. d. p. cir. Sig.De. d. p. cir. [ 
i 3 en eta——_— | : aſp—m—————— | AO} - a | 
6 50604.060 9-1-0 3.95 04 4.99 | 
| 7 59038.069 ; or Og. - 647 ' O04 6.40 
67472.079 | 06 o4 - Sy - * oO Ja 
'19 75905.089 | of O04 5-63 | ©4 $5.68 
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TABLE AAAUL 


A Table of the Equation of the Centre of Jupiter. 


| vow om| wermo | 59999q 


— 


$1gn O. 


De. dec, p. 


| CO.0005 


09.0911 
00.1819 
00.2728 
00.3639 


00.4547 


| ©9-5453 


OO 6356 


00.7261 


00.8158 


00.9050 
20.9947 
01.0839 
OI.1731 
01.2619 


- 01.3503 


0.4386 
OI.5264 
01.6139 
01.7008 
01.7875 
01.8739 
O1.9597 


02.0453 
02.1300 


02.2144 
O2.20978 
02.3806 


02.4569 


473474 
473460 
473446 


4734*7 


| 473431 


02.8628 
02.9408 
03.0183 
03.0947 
03-1703 
03.2450 
03.3189 


03.3922 
03.4642 
03.5356 
03.6056 


03.6750 


ns; 


03.7439 
OJ.SI1I 
03.8772 
03.9428 
04.0072 


04.0703 
04.1328 
04.1936 
04.2539 
04-3128 
04.3726 
04.4269 
04.4822 
04-5358 


473331 
473312 
473294 
473272 
473255 
473235 


| —  ——— 


473214 | 


473193 
473169 
473148 
473126 


473102 
473079 
473056 
473931 
473056 


472981 
472955 
472929 
47290} 
472975 


472848 
472821 
472792 


— cv 


De. dec. p. 


* 04.6394 


O4 6892 
O447381 
04.7856 
0.5317 


Rd 
——Q- 
_— 


04.8764 


04.9194 


04.9617 
O5J.,On22 
03.0417 


— — 
4 


05-0794 
05.1158 
OFeIFII 
05.1844 
05.2167 
0592475 
0542764 
05-3936 
03-3390 
O5.5553 


1 


Log. di. 
472706 
472677 
472648 
472616 
472586 


— ——— 


472555 


472524 


472485 
472462 
472429 


472397 
472368 
472331 
472296 
472263 


472230 
472197 
472162 
472127 
472093 


—_ 


472058 
472023 
471988 
471953 


_— —_— .——_— 


| *$20489q 


471917 ! 


471883 
471847 
471810 
471774 
471737 


_— Co— 
- 


471700 
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The Reſidue of Table XX X11. 
A Table of the Equation of the Centre of Jupiter. 


| 1 STS 0.7 : s  Subtrath 4 | 
| | =, Sign 3. | Sign 4+ | Sign 5. | 48 
; De. dec. Pp. | Log. di. De. dec.p, } Log.di. | De.dec. p. | Log. di. | 2 
| | tf OLE theo | _s enldrunccs 2h 20 
1 | o | 05-5175 | 471704 | 04-9286 | 470621 | 02.9125 1 469776 | 39 | 
I | x | 05-5219 | 471697 | 04.8828 | 470587 | 028261 | 469755 \ 29| 
| | a | 05-5250 | 471631 04-8353 | 479554 | 02.7389 49973 | 28 
1 | ; | 05-5267 | 471594 | 04-7861 | 470519 | 02.6506 | 469717 | 27 
I || 4 | 95-5244 | 471559 | 047353 | 470487 | 02.5606 469698 | 26 
1 |; | 25-5250 | 471521 04 6828 | 470455 | 924697 459680 | 251 
1 | 6 | 05-5217 | 47484 ] 0462 470423 | 02.3783 | 409663 | 24 1. 
05-5167 | 471445 | 04-5733 | 470390 | 02.2861 | 469645 | 23 |; 
? f 05.5100 | 471405 | 04.5164 | 472358 | 02.1925 | 4696,0 22] 
f 4 g | 05-5017 | 471372 04.455! 472327 | 02.0981 | 4Sg6I5 j 218 
ot 05.4911 | 471336 | 04-3983. | 470297 |. 02.0022 | 29 
[| 954794 | 471299 | 043367 | 470266 01.9964 | 469586 | 19). 
3 {12 | 05-4556 | 471262 | 04-2742 | 470236 |} Ol80g7 | 469572 Hom | 
1 |:; | 05.4500 | 471225 | 04-2097 | 470207 01.7122 , 469569 | 17 
8 |14 | 95-4337 | 472288 014435 JeVOr 01.6142 | 429547 = [ 
T | 15 | 05-4142 | 47132 | 04-0775 | 470149 | OI5158 | 469536 5] 
1 |16| 05.3339 | 474116 | 04.0094 | 470121 | 01.4167 | 46952 | 14 
[rn | 05.3711 | 471979 |! 03-9392 1 470092 | 11-3175 1 499516 | 13 
7 118] 05.3469 | 4710.3 | 03.8678 | 470065 | 8 | 469507 | 32 
9 | 19 | 05.3208 | 471007 03.7950 | 470037 | IL.1 Te fron; þ 
: Io | 05.2933 | 472979 03.7208 , 470012 4q O1.0172 4659491 | 464 
: 21 | 05.2553 | 4709935 | 03-6453 469986 |} C0.9164 | 409454 9 
1 -|22 | 05.2350 470899 | 03.5633 | 469960 00.8153 | 46947 8 
23-| os 2019 | 470863 | 03-4903 1 469934 5 00.7139 | 469472 | 7 
24 | 05-1681 | 470828 03-4108 = CO.6125 | 469468 | 6 
15 | 05.1322 | 470793 | 03-3393 ] 469887 | 00.5108 | 469463 | 5 
26 | 05.0947 | 470719 03.2489 |. 469863 | 00.4089 | 459462 4 
| 27 | 05-0558 | 470724 { 93-1664 1 469841 | 00.3067 | 469457 | 3 
[ 13 | 05.0147 | 4706Bg | 03-0831 | 469819 | 00.2044 | 459455 1} 2 
bh  ©4-9725 | 479655 | ©2-9963 I 469797 | 00.1025 469454 | 1 
30 | 04.9286 | 472621 | 02.9125 | 469776 | 00.0000 469453 | o| 
| Sign8. | S12n 7. | Sign 6 
——- | 
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TABLE XXXIV. 


A Tale of the Inclination of Jupiter, and of hzs Reduton to the Ecliptick. 


—_—_ — —— —— _ ___ 


_— —— 
—_— 


Inclination, 


_— 


Sen ©, 
Sign 6, 
De.p. d. 


'$32499q 


| OI ODO9 
00.0231 
| 00.0461 


CYRET TY FINITE. 


OO. 2069 


| 
| 
| 
| 
| 
| 
| 
| 10 | 00.2297 
> | 293750 
[EE 
| 
| 
| 
| 
| 
| 
| 
| 


OO.3422 
16 02.3642 
17 00.3867 
18 00.4086 
19 | 09.4306 


—_— hogs 


20 | 004522 


21 | 00.4739 

\ 294953 
23 1 £05167 
24 | 055378 


25 | 00.5589 
092.5797 
27 | 00.600 
28 | 00620 
29 / 00.6411 


ta 
Q 


| 
| Ti Srgn F. 
| 


— D — 


Son ly, | 


Sign 7, 


De. p. d. 


"00.6611 


00.6808 


00.7003 


00.0692 00-7194 
00.0922 1 00.7386 


00.1153 1 00.7375 
00.1383 | 00.7764 
OO 7950 
00.1842 | 008136 
00.8319 


©0.8500 
00.8681 
00.8858 
00.5033 
00.9206 


00.9372 


005 39 
OO | 01.2889 


hb ——— 


Sign2, 
Sign 8, 
De. p. d- 


O'.I1553 
Q1.1564 
O1.1672 
OI 1778 
01.1878 


O1.1978 


, 01.2072 


01.2164 
OI2253 


01.2339 


OI.2422 
O1.2503 
01.2578 
01.2650 
01.2717 


O1.2778 
O1-2836 


00.9856 | 91.2935 
01.0008 ' 01.2981 


o1.0158 | 01.3019 


01.0303 
OI 2444 | 
01.9583 | 
01.0717 


— 


| OI 0847 


01.3056 
o1 3086 
OI.ZII4. 
01.3139 


' 01.3161 


01.0975 | 01.3181 
O1.1107) ! ©1.31g97 


OI.1222 
01.1339 | 01.3219 . 


OI.3211 


| 01.1953 


ny 


S12n IO, 


Sign 4, 


Sign 3, | 


LY 


— —— MooQ—-_ eq, m—_ 


NC 
ReduCtion, Subtraf, 


Sigu ©, 


Sign G, 


00.0006 
1 00,0008 
00.0011 
| 00.00I4 


— 


Sign I, 


Sign 7, 


00.0069 
OO 006g 


OO 0072 


00.0072” 


— 


00.0917 | 00 0072 
00.0019 | 00.0075 ; 00.0058 


00.0022 
00.0025 


| 00.0028 


00.0075 
OO 0075 


| 00.0028 


00.0031 
05.0033 
OO 0036 
00.0039 
05.9939 
OO 0042 
05.0044 
OO 0047 
OO ©05O 


; | 
Sign 9, | 


00.0050 
02.0053 


00.0056 , 


00,0056 


| 00.0058 


——— 


OC.OO061I 
OO CCO6I 


_— 


Sign 2, 


00.0050 | 00.0067 | 00 0067 * 03 


00-0067 | 29 


00.0061 | 25 


00.0056 | 23 
00.0056 | 22 | 
00.0278 | 02.0053 | 21 . 


n——_— — — -_ — — — 


00.0078 | 00.2150 | 20 | 
00.0078 | 00.0050 | 19 
00.0078 
00.0078 
00.0078 


— ” ——— 


©O 0047 
00.0044 


09.0042 | I6 


©O.0071I | 00.0039 | 


00.9078 
00.0078 
00.0078 


00.0078 


|| II om — 


00.0078 
00 0078 
095.0075 
02.0075 
00.0075 


00.0039 
00.0036 
OO 0033 
00.0031 
OO 0028 
05.0028 
09.0025 
O90 0022 i 


00.0019 


00.9072 
OO 0272 


' 00.072 
' 00.0069 
OO 0069 


00.0017 
05.0014 
OO OD0ITN 
00.0C03 
00.000 


Sign 1O, | 


| Sing, Sign 3, 


ot 0 —————— _——  - — — —— 
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| 00.0067 00.9909 
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T ABL EF XXXV. 


The Epochz of the middle Motions of Mars, in the ears of the Julian Period, for the Me- 
ridian of Urenburgh, in the Kalends of January, the Mid-day of Aſtronomical Time, ac- 


cording to the Juan Account. 


— ———— __ 


Ra dc. 
na. pe 


Middle Potion of Middle Motion of the Aphe- 1 Middle Mot. of the My 5s 
Mars from the Aiqui- lion of Mars from the | Node of Mars from the 
| NOX: AEquinoX. Aquinox. 
ns _ Decimal In a comp. | tr Degrees | fo + tr Degrees þ 
b- be. | parts ofa | Taal pe | with deci- | Fakes, the | I with deci- | 
nd Circle. riod, a mal parts. | riod, ” malparts, | 
O 147958 | oO | ol 1.6012 | O It 7-0439 | 
1000 860996 I000 OI 20.1973 I-00 11 18.08 ; 
2000 | 574035 2000 | o2 8.7934 | 2000 IT 29.1248 I; 
i 3000 | 287073 3000 | | o2 27.3895 3000 | oo 10.1652 |. 
|| 40009 | cool:2 goo | 03 15.9856 | 4ooo | OO > 2020008 ; 
— Gs ar ns 
1 5000 | 713150 | 5000 | O4 4.581 | $5o0O | or 
6099 | 426188 6000 |} 04 23177 | 6000 | ol * 6 


Ingarithm of the mad. 


| Logarithm of the middle Mo- | Logarithm of the middle Mo- 
Ma. of Mars # 


= 
SE IR 


"I * 


tion of the Aphelion of tion of the northern —_—_ 
the Tropical Year. Mars n the Tropical Year. | Mars in a Tropical Year. 
1.72566.83 2-26941.30 2.04297.83 [ 
—| 
I Mr Wle Motion of Mars The Bounds of the Stations of Mars. 
from the Aquinox 1n — 
the Tropical Tears. | 2$>Y | The Angle of Comamtarios, or the Angle | 
oO  —— . - Sh, to the Sun. 
| uh, Decimal parts of a A fy D ; j 
4 Circle, | O'Y Firſt, | Second, 
"| 0-12345-678 | » *1 _ wo 
— | | Sig. | Sig-De. d. p. cir. | Sig. De. d. p. ar cir. f 
I 53170.188 — - | 
2 06340 376 oe; +: O5 7.67 05 8.22 ; 
3 59FIO 563 O2 | OF JTATx7 | O05 n56m 
4 | I 2680.751 O3 . | oF - Jan O55 14.38 
5 65850.939 os . * of mn Os 1% 28 | 
— - ©6 O5 20.33 05 19.92 82 
6 | 19021.127 | | _ | mono oh 
| 7 THUG 7 O8 OF 488 15.13 
| $-. | 25306408 | (os) 05. - na = p- 
9 5 


78531.6 690 10 OF 6.93 


- 
Y 
| 
| 
| 
| 
| 
| 
a 
wi 
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TABLE AXE 


A Table of the Equation of the Centre of Mars. 


| © cw on | Þww =o | $29409q 


pe EEE 
em ——. 


——— 


—— 
— oy 

. _—_— 
\ 


DE eee EE nnd 


SubtraCt. | 
Sign O. | Sign I. DON No | O 
De. dec. p. Log. d1. De. dec. p. [ Log.di. De. dec. p. | Log. di. Q | 
00.0009 | 422131 | 048175 | 421714 | 08.6575 | 420499 | 3o| 
09.1661 | 422131 04-995 3 421655 O8 7728 | 420447 29 
00.3319 | 422130 | ©5-1142 | 421654 | 08.8544 | 420392 |28 
00.4978 | 422128 | 05-2614 | 421625 , 98.9497 | 420339 | 27 
00.6033 | 422123 05.4069 | 421593 | 09.0447 | 420284 Hs 
250.8319 | 422121 | 05-5517 | 421564 | 09.1344 | 420230 | 25 
00.9947 | 4322115 | 05.6939 | 421529 | 09-2231 420172 | 24! 
01.1600 | 422110 | 05.8361 | 421498 | 09.3086 | 4292115 | 23 |. 
O1.3253 | 422102 05.9775 i 421463 09. 3906 | 420058 | 22 
{ 01.4897 | 422994 | 06.1186 | 421426 | 09.4731 | 420028 | 21 
O41 4222084 06.2572 | 421392 O9.5517 | 419940 $50 
21 $186 | 422076 | 06.3928 | 421354 | 996278 | 419682 [ 19). 
01.9822 | 422066 | ©6.5275 | 421317 | Og.,7014 419821 | 18 
02.1458 | 422053 | 06.6603 | 421277 | 09.7722 , 419761 | 17 
02.3089 | 422040 | 06.7925 | 421249 | 09.8406 | 419709 | 
02.4708 422027 06.G217 | 421200 | Og-gO61 | 4196J7 
02.6319 | 422011 | 07.0494 | 421157 | 09.9717 | 419576 | 14 
O2.7GJ1 4216993 07.1761 | 421115 I0.2J28 4Ig9fI2 ! 13 | 
02.9533 | 421979 [ 07.3009 | 421072 | 10.0900 | 419445 | 12 
03.1133 | 421564 1 074272 | 421029 | 10.1447 419358 fa 
03.2722 | 421945 | 97.5450 420984 ; 10.1969 | 419324 Hd 
03.4305 | 421924 | 07.6647 | 420938 19.2464 | 419257 on 
03.6022 | 421906 | 07.7822 j © 420892 10.2931 | 419190 | 8$[| 
03.7450 | 421385 | 07.5997 1 420847 | 10.3364 | 419125 | 7 
03.9011 |} 421864 | 08-01Gg | 420798 | 19.3778 | 419058 | 6 
04.0561 421840 | 08.1311 ] 420752 | 10.4147 418593 | - 
04.2111 | 421817 | 08.2375- | 420701 | 10.4494 F 418927 ; 4 
04-36444| 421750 | 03.3456 | 420653 | 10.4814 418859 | 3 
04.5196 | 421757 | 08.4519 | 425602 | 10.5100 | 418789 j 2 
04-0675 | 421749 } ©8.5556 1} 420550 |} 10.5356 418721 I 
04.8175 | 421714 | 08.6575 420499 | 10.5583 | 418653 | © 
| Sigrnr | | Sign 10. | Sign 9. 
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The Reſidue of Table XXVIIL = 
A Table of the Equation of the Centre of the Mars. 


0 


Log.d1. 


18653 
+ 18585 
418515 
418446 
415375 


418307 
418236 
418164 
418096 
418024 


417952 
417580 
417811 


417595 
417525 
417452 
417383 
417310 


417240 


417170 
417297 
417020 
416556 


-——_— — 


416585 
416814 
416747 


| 416661 


OCg.7881 | 416055 


apt 
JD | SIgn 3 
'L 
þ | De. dec. P. 
o | 10.5583 
1 | 10.5750 
2 any bs 
2 | 10.6075 
| ; 10.6178 
| 5 | 10.242 
6] 10.6251 
7 | 10.6281 
| $ | 10.0264 
| g | 10.6244 
10 | 10.0111 
11 | 10.5947 
12 | 10.5781 
13 | 19.5900 
14 | 10.5381 
5 | 10.5125 
16 j 10.4833 
17 | 10.4517 
18 10.4158 
Ig 1 10.3761 
20 | 10.3333 
2 | 10.2867 
22 | 10.2367 
23 | 10.1906 
fi IO.1269 
25 | 10.0067 
26 | 09.9994 
27 | 09.9319 
28 | 09.8617 
29 
[-—} 
Zo | 09.7106 


WW — 9 Cs 


. 1 
Sizn 8 


| 


410530 | 


— ———— ____ CO OS CC CC 


Subtratt. | 
[ Sign 4. | Sion F. p 4 5 
be Me 6 Log. di. | De. PIER: Log. di 8 | 
4 EL ho 
09.7106 | 416536 | 0J.8881 +] 414768 JO 
09.6300 | 416468 | 05.7156 | 414721 29 
09.5458 | 416400 | 05.5408 | 414681 26 
09,4586 | 416331 | 05.3639, | 4146338 | 27| 
09.3675 | 416265 | 05.1853 1 414597 26 | 
09.2739 | 416197 | 049972 | 414557 | 25 
| 09.1783 | 416131 | 048211 | 414520 24 
—_ { 416065 _ 414455 23 
00.9 415999 9 | 41444 
| 28.8617 } 415936 |; 942606 | 414414 21 | 
O8 ZJIn 415872 04.9794 414353 20 
08.6367 | 415809 | 03.8769 ! 414351 19] 
08.5181 | 4157465 | 03.6828 }j 414323 131: 
08.3989 | 415682 |} 03.4872 | 414295 I7| 
| 08.2753 | 415622 03.2900 | 41427 16 
Fo cnn — — 
98.1456 | 415560 | 03.0917} | 414245 5 1 
©8.59153 | 415500 j 02.8908 | 414220 I4 þ; 
7 0822 | 415442 | 02.6906 | 414198 131; 
07.7458 | 415385 { 02.4080 | 414179 12 | 
07.6099 | 415327 | 02.2856 | 414161 II 
07.4947 | 415269 | 02.0811 | 414145 _ 
| 07.3200 | 415217 | O1.8756 | 414129 9 
07 1722 | 415161 | o1 608g, | 414117 S | 
07.2219 | 415109 | 01-4614 | 414107 7 
06.8717 | 415057 | 01.2536 | 414098 s 
oy | 425005 OI ge5e 410008 , 
CO.F52 | 41493 OO. | 414095 
06.3917. | 414907 | 00.6233 | 414079 | 3 
06.2278 | 414857 | 00.4189 | 414073 I 
06.0600 | 4148iI- | 00.2097 | 414068 1 
05.5881 | 414765 | 00.0000 | 4140% O 
I _ - &— 
| Sign 7. | SignG | {= 
Add. | — 


| 


CE GE eee eee Ree Deere em———_—_— RN — —  _ — 


OO 0 I ono 99S) >» — 0 uw <—oeen—eyet > OO co 
P— ——— 


: Rudolphus's Tables. 


On ee n= Ceee_— 


TABLE XXXVI. 


A Table of the Inclination of Mars, and of his Redudtion to the Ecliptick, 
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Inclination, 
| _ 
| ; Signo, | Sign ty | Stgn2, 
D | — 
| Y | Sign6, | Sign 7, : Sign 8, 
| 1 De.p. d. | De. p.d. Dep. d. 
| © | 220000 g208 | © go 
| 1! 000322 nae83 01.6108 
| 2 | 000644 | 00.9756 | 01.6261 | 
3 | 00.0964 , O1.0025-| OI 6411 
q ; 00.1283 | 01,0292 |, OI .6556 
5 00.1606 | o1 0558 | 01.6994 
6 | 00.1925 | 01.0819, 01.682 
| 7 | 00.2244 | 01.1078 O1.£656 
| 8] co.2564 | 011333 | 01.7078 
9 | 00.2881 | OI. ram 01.7194 
Io | C0.3197 prara? 01.7306 
II ns be | OI.7411 
12 | 00 3828 | Ol. 2325 | 01.7514 
13 | 004142 01.3564 | OI.76II 
4 | 00.4453 | 01-2797 1 01-7703 
Ls 00 4764 | 01.3928, 01.7789 
| 16 , 05.5072 01.3253 01.7809 | 
17 | 00.5381 | 01.3472 | 01.7944 
18 00.5686 , 01.3689 | 21.8014 
| 19 | 00.5992 | 01.3903 O1.C078 
$a 6 — | 
| 20 | 006294 | 01.4111 01.8135 | 
21 j £06594 | 01.4317 , ©1-8189 
| 22 | 006-94 | o1 4517 | 01.8 36 | 
23 1 £07192 | 921.4711 | 01.8278 
| 2 | 02.7486 | 01 01.4503 | Ot: 8314 
[ 25 | £0.7778 | 01 518g ' ol. 8344 
Pr 02.8059 O1.526g | 01.8369 
27 panes bh 01.5447 | 0 838g | 
| 28 | 008944 01.5619 | OI, $4>3 
29 | 00.8428 4 01.5786 j Ol $411 
— * 
| 30 - 00 92038 | Ol. 5950 | OL. 8417 | 
'l | Sign 11, Sion Io, | Signg, 
I ED | S1zn 4, S181 3, 
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nn —o——_— — CO ———_—_ -  ——R—I——L_—_ — On 


E Reductlon, Subtra&, 
puta 
{ Sieuo, | Sign1, Siew | 
dt | ww | & 
| Sign 6, Sign7, | Signs8, |: 
Pepe De.p. d.} De.p.d. 1 
00.0070 | 00.0131 | 00.0131 "yn 
00.0003 | 00.0133 | 00-0128 | 29 
00.0008 | 00.0133 | 00.OI25 | 28 
} 00.0014 | 00.0136 00.0122 | 27 
Feng DOOTEE varetare; th 26 
©0.0925 00.0136 00.0117 | 25 
CO.003I | 00.0139 | COMOTIG | 24 
c0.0035 | 00.0139 | 00.0108 23 
00.0042 | 00.0142 | 00.0106 
£0.0044 | 00.0142 | 02.0103 ES 
| 00.0050 00.0144 | 00.0100 - 
00.0056 | 00.0144 | 00.0094 
07.0061 | 00-0144 | 00 0092 $ 
OO 0067 | ©0.9144 | 00.0089 | 17 
00.0072 | 09.0147 | 09.0083 | 16 16 
02.2978 | 00.0147 | 00 007S | 15 I5 
00 0083 ] 09.9147 | 00. -0072 | I4 
0.0089 | CO.0147 ' CO. 0067 | 13 
00.0092 | 00.0144 | 00.0061 | I2 
00.0094 | 00.0144 | 00.0056 | 11 
00.0100 , ©0.0144 | ©O 0050 | 10 
02.0103 | 00 O14: | 00.0044 | 9 
00.0106 ; 09.0142 | 09.0042 { 8 
00.0108 { 09.0139 | 09.0036 ENF 
| co0t 4 | 00.0139 00.0031 | 6 
©0.0117 | 00.9136 ; 00.0025 | 5 
OO O1lg | 000136 | 05.0019 | 4 
| 00 0122-! 09.9136 | 000014 | 3 
09.0125 | 00.0133 | 00.0008 | 2 
00.0128 | ©O 0133 | 00.0003 ; 1 
00.0131 | OO.OI3I | {many O 
ATE, - — h— 
| Sign 11, | Sien 10, { Sin 9, | 
Sign 5 5, i Signs | Bge 3s 1 {bn 
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| "Mii '4le Ie Motion of 

Venus fromthe Aqui- 

OX- 
hot. | Decimal | 
ee. | parts of a 
= = Linde. 

0 i 999785 | 
1000 488472 | 
2000 | 027158 

* | 3000 | 565845 
400) 104532 | 
5000 643219 
6010 I81905 


Lywithm of the mid. | 
Mot. of Venus in 
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Midle Mgtion n of the Apbe- 
lion of Venus from the 


Aquinox. 


—— 


In a comp. Degrees 
Palm oe 8 with deci- 
riod, ”y mal oe 
o | 05 14-3789 
1000 | ©6 6.0580 
2000 | o6 27.7372 
3000 | 07 19.4164 
4020 | O8 11. T0035: 
5 OOO O09 2. 7747. 
6000 , O9 24-4539 


Logarithm of the middle Mo- 
tion of the Aphelion of Ve- 
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' * Midd) e Mor. of the certhins 
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| 
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| 
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Node of Venus from the 
Aquinox. 


In a comp. | 


Degrees 
Fare | 8 with deci- 
riod, mal parts, 

© | 11 20, 7925 
1900 | 00 3.6480 
2000, ©0- 16.7036 
3000 | oo 29.7591 
4©00 | OI 12-8147 
5000 | o1 25.8793 
6000 | O2 8.9258 


Logarithm of the middle Mo- 


on of the northern Node of 
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the Tropical Year. nusin the Tropical Tear. Vetuus in a Tropical Near. 
14... _ 0.21098. 30 2.33603-34 2.11578.61 
/ 29s 
1 —_ he | The Bounds of the Stations of Mars. 
[ the Tropical Nears. — 
Ws | 
; Trop. Decimal parts of a £03, _ IM a 7 = _ "ag " dngl 
, Circle. _ | 3 2 
ears | oo” 
' 0-12345-678 8% NN | anne 
i —— "ms | | 
62550457 | ons Firſt, | Second, 
2 2JIOCHIZ 
t6 50201.827 "Fe ; 
| 5 12752 283 | Sig. ; Sig De. 4 P« Cir. £7 Sig.De. d. P- Cir. 
| 6 | 75 392.740 | | - CO | ©5 = 78 & nuts PIO 
| ' | 3 - FX 
| | 7 | 37853-.1;6 ! OZ O5 IR S::0 17.58 
| ;) ©0403.653 | | O6 Of 16.92 OS .- 1698 
9 | 602954.110 O9 OF 19.72 I . x31 


middle Motions of Venus, in the Years of the Julian Period, for the Me- 
Kalends of January, the Mid-day of Aſtronomical Time, ac- 
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TABIsE XXXIX 
A Table of the Equation of the C-ntre of Venus. 
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Subtratt 3 
=, Sign © | «| Sign 1 2}: Sou O | 
R PU ELOLRE 1 ES O 
h | "#0 Log.di De. dec. p* L og. di. De. dec. p. | Log.di Q f 
cm - —_— _ | at MESTTBLOT = 

o | 00.0900 | 386279 | 00.3931 | 386243 | 00.6828 | 386136 Zo | 
1 | 00.0133 | 386279 | ©0.4947 | 386237 00.6897 | 386130 | 29 
. 2 | 00.0267 | 386279 | 02.4164 | 326237 | 00.6961 | 385124 | 28 
3 | 000400 | 386279 | 02.4298 | 386231 | 00.7028 | 38618 | 27 
4 | 000542 | 386279 | 00.4392 | 386231 | 00.7092 | 386118 | 261 
HEAFAIrACIEMAF TS 
6 | 00.0814 | 386279 | 004617 | 386225 | 007111 | 386106 24 
7 | 00.0950 | 386279 | 00.4725 | 386219 | 00.7264 | 326100 | 23f 
8 09.1083 | 386279 | 09. 36 | 386219 | 00.7322 386094 22 | 
9 | co.1219 | 386279 | 090.4944 } 386213 | £07372 | 386094 | 2 {| 
10 | ©co.1353 $627 00.5053 | 386213 | 00.742 386088 20 | 
x71 | 00.1486 | 385278 | 00.5164 | 386207 | 00.7478 | 386082 | 19 
12 -| 00.1622 | 386273 | 02.5264 | 386207 | 00.7517 | 386076 18 
13 | 02.1758 | 386273 | 00.5369 | 386201 |, 00.7561 | 386070 | 17| 
14 | 00.1892 | 386273 | 09.5499 | 386201 | 00.7606 | 386064 16 
15 | 00.2025 | 386273 | 00.5567 | 386195 | 00.7644 j 386058 51 
16 | 00.2158 | 386293 00.5664 | 386189 | £0.7678 | 3860; 7 14 || 
17 | 00.2292 | 386267 | 9.5761 | 386189 | 00.7711 | 386052 131) 
18 | 00.2419 | 386267 | 00.5856 | 386183 | 09.7742 | 386046 12 | 
Ig | 00.2553 | 386267 00.5947 | 389177 | 00.7709 | 386040 | 71 
ny © — nie =_ — | - ms v6 pail; " FRONT — | 
20 | 00.2681 386261 | 00.6039 | 389177 | 00.7792 | 38603 ad 
21 00.2808 | 326261 } 00.6128 | 386171 | 00.78 4 | 38602 ” 
22 00.2933 | 386261 | 096211 | 386165 | 007836 85027 S | 
23 | 00.3058 | 386255 | 00.6294 | 386165 | co7858 | 386022 74 
24 | 00.3185 | 386255 | 006375 | Z86159 | 00.787; | 386016 6 
25 | ©co.3311 | 386255 00.6456 | 386153 00.7892 | 386010 J 
26 | 00.3435 | 386249 | 02.6533 | 386153 | 00.7956 86024 4 
27 00.3558 | 386249 \ 00.608 | 386147 | 00.7914 385998 3 
28 | 00.3681 | 386249 | 00.6681 | 386141 | 00.7922 1 385997 J 
29 | 00.3806 | 386249 | 00.6756 | 386136 | 007931 | 385992 I 

— . — | _ _— _—_— m_ 0 
30 | 00.3931 | 386243 ; co0.68.8 386136 | 00.7931 85986 g 
C Sen 11- | | Sign 19. Sen 9 | | 
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A. Table of the Equation of the Centre of Venus. 
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LOYNACl. 1 
C4 


SO 50 © OC 


Subtract 


" ye 
Son 4+ 


00.6897 
09.6831 
00.6761 
©0.6/586< 
©9.6611 


FS to wt W292 


09.) 944 
00.5847. 


00.573 


OO.SI 39 
O&m \ V3 I 
00.4J17 
CO.40 JS 
00.4997 


00.4553 
0.446 
02.4356 
00.4236 
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355824 
385818 
355912 
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00.4000 


—” w_ 


00.3875 


3750 
25.3633 
09.3508 
CO JJe 2 
O2.32 56 
00.3125 
©0.3Z005 
02.2865 
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00.2739 
©0.26<6 
00.2472 


00.2336 


©0.2203 
292.2007 
09.1931 
©O.1797 
©O, I601 
02.1525 
072.1389 
00.1253 
CO 1117 
CO 0978S 
00.08 36 
095.0694 
CO.0550 
CO 0417 
00.0275 
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355715 
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385713 
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38570d 
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A Table of the Inclination of Venus, and cf her Reduttian to the Ecliptick, 
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Inclination, 1 ReduCtion, .SubtraQ, 
Sion o, | Sign 1y || $19n 2, | Sizuo, | Sten 1, | Stgn2, 
O DT © SWeTGe 
| D SignG, | Sign 7, | Sizn 8, Sign 6, | Sign a Sign 8, 
[- | Dep | Dope; Dep. | De. p.d. | De.p.d.| De.p.d. 
| O 2005p | 01.6833 | 22.9156 POT AP ©0.043I 1} 00.0431 
| £7 00.0589 | 01.7342 , 02.9447 DODOTS. | 00.0439 | 000422 
2 | 00.1178 | 01.7842 | 02.9731 | ©0.00325 | 000459 | 00.04I 1 
3 | 00.1764 | 01:3333 | 05 2003 CROFT 00.0458 | 00.0403 
4 | 00.2353 | O1 8822 03.0264 | 00.0072 | 00.0464 | 00.0392 
nn ore 2t] [nord [enctht (cle 
| 00.3519 ' 9709 , ©5- | -OTO O 
| 7 WT O2. 0364 04.0907 (4 CO.0125 f 00.0483 | | os 1.2 
| $ | 00.4681 020731 | OZel214 OO 0142 | 00.0486 | 00.0342 
9 | 00.5261 | 02.1189 | 03-1431 c0.0158 | 00.0489 | 09.0331 
| TJ co.5842 | 02.1642 1 03-1635 | 00.0172 | 00.9489 | 00.0317 
RE [E232 acc 
IRE | 23257 | foo 06:5 benno lenorh 
3 $ 7 $6948 494 . 
| I4 | 09. At 02.3389 | 03.2361 | 00.0233 | 00.0497 ROOEI 
15 | 098714 | 02.3806 , 0; 25:15 07.0247 | 00.0497 0 0247 i 
© ec Red le: 
I7 00.9539 | 02.4622 77 5.2279 | 00.04 7 
18 01.040 | 02.5019 | 923-2933 . | 000292 | 00.0494 | 00 0273 
| 19| 01.0958 | 02.5408 | 0..3950 | | 00.0306 , 00.0442 | 00.0189 
+> 29 6 es Þ : _ | ——} 
20 | OI.IF14 | 02.5792 | 03-3158 | 00.9317 00 0489 | CO ©0172 
21 j 01.2067 02.6167 | 23-3256 | 02.0331 | CO 048g | 05.0158 
| 22 | OI 2617 O2 0533 , 03-3342 | | CO.OZ42 09.C4<6 0” 0142 
231 CI 3150 ; 22.6559 | 03-3419 00 ©0356 , ile O2 0125 
| 24 } Ol 39,4 02.7230 03 3406 | 00.0367 | CO.C479 CO.CIO). 
[ 2J | C1.4225 | OY 7578 03-3139 | 2.0378 CO.0472 | on. oy | 
26 | 014753 | 02.7911 03.3589 ©O 03g ©0.0464 ©: 7 | 
| 27 | Or.5278'| 02.8233 | 03-3919 | OO ©0403 09.0458 09 0053 
| 28 | c1 5800 102. 3p} 03.3644 ©2.0411 , 29.0450 | 00.0039 
29 / 01.6319 ,556 3.3661 Ml 00.0422 000439 | 00.0019 
= =» | ap Ge ——a_———c———— wma I OO | ge Cor——os _ CT - > pri 
JO |; CI 6533 | ©2.4156 | 03.3667 | 00.0431 00.0431 | 00.9999 
Faith. 3 wei & :1 - - } | | noo F. / A kei 
| Sign 11, ; Sign 10, | Sign g, | j Siga I, | 110, | Seng, 
| — ſe 2 REF Ya _ il { |_— | ON al ATTN _ 
| | Wien F, | Sren 4, | DNign2, | | Sin 5, | Stand, | Sign 3, 
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The Epochz of the middle Motions of Mercury, in the Years of the Julian Period, for the 
Meridian of Urenburgh, in the Kalends of — the Mid-day of Aftronomic Time, 
* according to the Julian dccount. 


HS ——_— — 


|S 
| Middle Motion of Middle Mation of the Aphe- | Middle Mot. of the tr axtiivs 
Mercury from the lion of Mercury from the Node of Mercury fromthe 
| Fquinox- Aquinox. | . Mquinox. 
—_—_ 1 
| Ina co In a com 
In a comp. De cl mal MP. Deg rees p- Degree s | 
Pe parts of a | rd x RX with deci- | Jalisl = [2 = with þ deci- 
| et | Coe | riod. > mal parts. riod, > mal parts. | 
— | — | > 
O 181505 s) | O2 9.0214 O $- 13 9378 'Þ 
| 1000 | 247954 1000 | 03 8.1372 1000 | og 6.6167 | 
2000 | 3 Bode 2000 O04 7.2530 | 2000 Io 0.2956 | 
3000 3000 O5 6.3689 ZoOO Io 23.9745 | 
4009 rn 4020 | 06 5.4847 | 400 | Ii 17.6534 F 
ome Wn A 
5000 | FJI37JO 5000 | O7 446005 | 5000 | OO 11-3322 | 
6090 580199 x3 6000 | O8 3 7164 | "Of 4 OIIT | 
ound 
Iogarithm of the md. | Logarithm of the middle Mo- Logarithm of the middle Mo- | 
Ma. of Mercury tion of the Aphelion of Mer- tion of the northern Node of || 
in the Tropical Year. cury in the Trepical Year. Mercury inaTrop. Tear, | 
0.61825-50 2.46412.00 2.37435-21 [ 
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Middle Motion of Merc. The Bounds of the Stations of Mercury. 


from the Aquinox in 
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the Tropical Years. I S, I The Angle of ns, or the Angle | 
. 7 8 — Sigg to the K 
Tron, | Decimal parts of bi 5 > : . _ 
wt : Circle. O'S Firſt,” [ Second. 
05-12345-678 | | : id ct | 
— * Sig. De.d.p.cir. | Sig. De.d.p.cir. |; 
I 15197-930 -= [ F 
2 32395-5859 00. 5; Of jo O55 417 
3 45 593-789 2 OJ 0.77 OF 0.22 | 
j 4 60791 719 03 O4 2497 1 og 25.15 [| 
5 75989.648 oo O4 "= | 54 20.95 | 
— m O04 10.7 O 16.38 
6 | 91187.578 | _ a: y-. T ENS 
| 7 06385.507 | os 1 04 kat O4 22.28 | 
| 8 21583437 | O09 O4 25.32 os i459 - | 
9 | 36781.367 10 Of 00.95 05 I.57 
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A Table of the Equation of the Centre of Mercury. 
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Subtratt 
Sign 9. Sign I. Sign 2. | 
De. dec. P. Log di De. ©. L og. di. { De. dec. P. | Log. di. 
00.0003 | 367173 | 09.7475 | 366464 | 18.1139 | 354316 
00.3322 | 367164 | 10.0572. | 366417 | 18.3500 ! 364217 
026644 | 367164 | 10.3644 | 366361 | 18.5825 | 3641:8 
009967 | 367163 | 10.6697 | 366313 | 18.8125 | 364018 
01.3286 | 367154 | 10.9739 | 366257 | 19.0383 1 363919 
01.6608 | 367145 | 11-2772 | 346200 | 19.2503 | 363809 
01.9919 | 367136 | 11.5786 | 366143 | 19-4792 | 363709 
02.3228 | 367128 | 11.8781 { 366087 | 19.6942 | 363599 
02.6536 | 367117 | 12.1756 | 366030 | 19-9053 | 363498 
02.9842 | 367108 | 12.4706 } 365973 | 201125 | 363387 
03.3144 | 367089 | 12.7642 | 365906 | 20.3156 .| 363276 
03.6439 | 367070 | 13.0536 | 365839 | 20.5144 {| 363165 
03-9731 | 367052 | 13-3444 | 3655782 | 20.7094 | 363043 
04.3014 | 367034 | 13.6311 | 365726 | 20.899 302931 
04.6292 | 367015 | 13.9161 | 365639 | 21.085 362808 
04.9561 366987 | 14.1983 | 365571 | 21.2683 362696 
05.2825 | 366969 | 14.4781 | 365495 | 21.4456 | 362572 
05.6081 | 366941 | 14.7556 | 3654tS | 21.6178 1 362449 
05.9331 | 356922 | 15.0311 | 365359 | 21.7858 | 362324 
06.2567 | 366885 | 15.3036 | 395273 | 21.9483 | 362201 
06.5797 266857 15-5733 | 355186 | 22.1069 | 362076 
06.9019 | 366820 |} 15,8408 } 365198 | 22.2603 j 361941 
07.2228 -1 366792 | 161058 | 365031 | 2240865 | 391815 
07.5425*| 366755 | 16.3658 | 364943 | 22.5511 | 361679 
07.8614 | 309717 | 166256 | 364856 | 226594 ! 361542 
08.1789 | 365380 16.8817 364777 228219 | 361405 
08.4956 | 366633 | 17.1347 364689 | 22.9458 | 361267 
08.5106 | 366596 | 17.3839 | 364591 | 23.0983 | 361140 
09.1242 | 365549 | 17.5306 | 364503 | 23.1842 | 361991 
09.4324 | 366502 | 17.8739 | 364404 | 232936 | 361853 
| 09.7475 | 366464 ; 18.1139 | 364315 | 23.3981 | 360713 
S1en 11 N11 19. S1gn 9 | 
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Rudolphus's Tables. 


The Reſidue of Table XLII. 


CT ——— 


O | Sign }. 
. | De. dec. p. Log. di 
| 0 | 23-3981 | 369713 
1 | 23-4958 | 360573 
| 2 | 23-3878 | 360423 
3 | 23.6739 | 360271 
| 4 | 23-7533 360130 
5 | 23-8267 | 359977 
6 | 23-3994 | 359824 
7 23-9542 | 359671 
24-0078 | 359517 
9 | 240547 | 359362 
| 10 | 24-0947 | 359207 
| 11 | 241278 | 359051 
4 | n | 241539 | 358894 
1 |'3 | 24-1725 | 358737 
| 14 | 24.1839 | 358580 
T |r5 | 24.1881 | 358410 
3 | 16 | 24-1847 | 358252 
1 |17 | 24-1742 | 358092 
| 118 | 24.1558 | 357921 
| [19 | 24.1294 | 357749 
| 20 | 24.0953 | 357588 
| 21 | 24.0536 | 357426 
22 | 24.0036 | 357252 
1 123 | 23-9453 | 357-78 
| 24 | 23-8789 350914 
15 | 23.8039 | 356738 
216 | 23.7203 | 356573 
27 | 23.6:78 | 356396 
28 | 23.5269 | 356229 
29 | 23-4172 | 356050 
zo | 23.2986 | 355883 
| gns. | 
— —— @__@_ 


A Table of the Equation of the Centre of Jupiter. 


Subtradt 
| Sign 4. 

De. dec. p. Log.di. 
23.2986 | 355883 
23.1711 | 355642 
23-0344 | 355534 
22.8883 | 355352 
22.7339 | 355182 
22.3697 | 354998 

| 22-3967 | 354851 
22.2131 | 354667 
22.0203 | 354494 
21.8178 | 354329 
21.6069 | 354145 
21.3850 | 353970 

| 21.1539 | 353794 

| 20-9125 | 353631 

| 20.6617 | 353453 

| 20.4908 | 953288 
20.1308 | 353122 
I9.5506 j 352956 

| 19.5614 | 352789 

| I9.2614 | 3526-1 
13.9525 | 352466 

| 15.6336 | 352310 
18.3947 | 352140 

| 17-9656 1 351683 

| 17-6178 | 351825 

| 17.2597 351680 
16.8922 | 351534 
16.5164 1 351375 
16.1297 | 351228 
*3+7339- 1- J$I008 
13.3294 | 350947 
ton 7 
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"Rudolphuss s Tables 
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TABL E XLIL 


4 Table of the Inclination of Mercury, and of his Reduttion to the Eclirick, 


Reduction, Subtra&, 


Inclination, 


4 


p— 


3 
6 


9 


IO 
II 
12 
13 
14 


| 


09.0005 
| 00.1293 
OO. 2408 
00.3611 
00.4814 
00.6014 
00.7211 


7 | 00.8406 
Ng | 
| 01.0792 


CO0.9609 


01.1981 
O1.3164 
O1.4344 
OI.5519 
01.6689 
01.7856 
| 01.9017 


} 02.0172 


02.1322 
02.2464. 


| 


| 


Sen 1g 


Sign 7, 
De. p.d. 


03-4500 
03.5536 
03.6561 
03-7578 
03.8583 


03-0578 
04.0558 
04-1525 
042481 
O4. 3422 
04.4350 
04.5264 


| 


Sipn 2, | 


Stgn 8, 
De. p. d- 


55.9756 
06.0350 
06.0925 
06.1481 
06.2017 


06.2536 


, 06.3036 


06.3517 
06.3975 
06.4414 


05.4333 
06.5233 


04.6167 | 05.5617 
04.7056 | ©06.5g81 


04-7931 
04.8792 
04.9636 
05.9467 
O5.I2S1 
05 2078 


02.2597 | 05.2858 


02472) 
02.5847 
22 6961 
O2 8067 


A—C———_—_ 
- 


02.9161 


| 03-0247 


| 03.1325 | 


| 


05.3022 
05.4369 
55.5103 
05.5819 


| 05.6519 


| 


| 


06.6325 
O6 6547 
09.6950 
06.7231 
96.7492 
00.7733 


06.7653 
©6.8150 
06.8328 
06.8486 
05.8650 


05.8736 


05.7203 | 06.8831 


05.7869 | 06.8,06 | 


03.2394 ! 05.8517 | 06.8958 
GEPE4S | 


OF; 9750 | 06. 9000 


03-3453 
03.4500 


[ 


Sen IO, 


|— 


06. 8989 


Ngn 9, 
Sign 3, - 


Size 4, 


J1g1O, 


Sion G, 


Siew 1, 


— 


Sign To 


]Pen4. De. p. d De. p.d. 


| 
|-- 


00.0000 | 60.1803 01767 | 30 
OOs 1839 00-17 
00-872 | 00.172 4 


00.0072 
00-0144 
00.0217 
00.0289 


00.0361 
00.0431 


1 00.0503 


00.0572 


OO. vgs | | 


proper} 


| 


! 


| 


00.0778 
05.0844 
OO OgI1 
00.0975 


02.1039 


00.110} | 


095.1164 
OO.1225 
OO. 1283 


00.1339 


09.1394 | 


00.1447 
00.1497 


00.1547 


| 00.1594 


| 


OO 1642 
OO 1686 | 
09.1728 


—_ RC 


00.1803 ' 00.1803 | 00.2799 


YER : I, 


Grew 5 = 


00.1903 
00.1931 


OO 1956 
00.1981 
00.2003 
OO.2022 

00:2039 
00.2053 
OO. 2064. 
00.-207d 
00.2078 


00.2083 
00.2081 
00.2078 
OO. 2072 
00.2064 
CO.2053 
©O 2029 
O0.2022 
09.2003 
CO. 1981 


00.2081 | 


OO. 7 
OO. 1642 | 6 Y 
00.1594 | 
prpd,nsÞe 
00.1497 23 
00.1447 


OO 0503 7 


— 


' 00.0431 | 


00.1956 } 00.0301 | 


; OO 29g 


00.1903 
OO. 1872 


| 00.1767 | 00.1839 


Stan IO, 


Rag | 3; 


05.0289 
OO 0217 
00.0144 
00.0072 | 


les 


3 
2 
I 
O 
Sign 0, [ | 
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Rudolph us's T avles. 


2 dn chants 


TABLE XL 
A Catalogue of the moſt noted fixed ftars. 


wt... — 


| | ZTongi- Lati- 
| | | 2 | tude, | tude. =? | 
The Names of the Stars, | > Jo —_—— S 
© |D.p.d. | D.p.d | 
The Southern Star in the Forc-horn of Aries, cal- lon 0.000 | 7.142B | 4 
led the firſt. | 
The left Foot of Andromeda. OO | 11.933 | 27.775 B| 2 
1The bright Star of the Jaw of the Whale. 00 11.167 | 12.617 A| 2 q: 
The Head of Me4uf. OO | 23.000 | 22.367 B | 3 
{| The brighs Star of Pleiades. oo ' 26.783 | 4600 B| 3 | 
| The right Side of Perſeus. | 00 | 28.667 | 30.083 B | 2| 
The Southern Eye of Taurus, A4ldebara. ol | 6.592 | 5.517 A| 1 
The lefr Foot of Orion, Regel. OI | 13.667 | 31.183 A  , 
The left Shoulder of Orion. OI | 17.757 | 16.883 4A| 2 |: 
| 1TheKid, or Hee-goar. or | 18.650 | 22.842 B| 1| 
2 P]Thefirſt.in the Girdle of Orion: or : 19.225 | 23.633 A\ 2f 
The right Ankle of Aurica. OI | 19.375 | 54333 B| 2 
3 [The middlemoſt in the Girdle of Orion. OI | 20.283 | 24555 A| 2 
| The laſt in the Girdle of Orion, * OI 21.492 | 25.355 A] 21' 
: i” _ in the Tail of the leſſer Bear, called the ir 25.425 | 66033 B| 2|' 
: ole Star. | 
{ || The right Shoulder of 0rio-. Ol Rt 16.100 A| 2 | 
] | The bright Star in the right Shoulder of Auriga. [OL |28.:50 | 21455 B| 2 |' 
1 *\the bottom of the fore Foot of the Dog. O2 | 4092 | 41.395 Al 2 
| | Thebright Star of the lett Foot of Gemini, 02 | 5.990 | 6.805 Al] 2at: 
| | Thegreater Dog, Sirws. O2 | 10.975 | 39-500 Al 1 
! | The Northern Head of Gemini, Caſtor. O2 ' 17.067 | 10.033 B | 9 
| The Southern Head of Gemint, Pollux, O2 20.100 | 6.633 B| 2 
| The lefſer Dog, Procyon. 02 | 22.692 | 15.950 A |. 2 
|Prazſepe, the Breaſt of Cancer. 03 | 4-I55 1.233 B| ne. 
4 The Northern Aſs. 03 | 4-333 | 3133 B| 4 
The Southern Aſs. | 03 | 5-517 | 0.067B|}| 4 
The Northern Fore-Star of Charl-s's Wane: 03 11950 | 45.667 B | 2 
The Southern Fore-Star of Charles's Wane. 03 16.195 | 45.055 B.| gt. 
The Heart-of #dra. 03 24-142 | 22.400 A| x} 
The Neck of Lev. O03 26.367 | 8783 B| 2 
he Heart of Regulus; O3 ,26.c67 | 0.442 B| 1, 
The Southern hinder Star of Charless Wane. 03 {27.133 | 47.105 B| 2 | 
[The Northern hinder Star of Charles's Wane. 03 | 27.895 | 51.617 B| 2 | 
| The third from the laſt in the Tail of the Dra- O44 4.555 | 66.600 B 2 
gon. » 
The Root of the Tail of the greater Bear, O4 | 5.550 | 54.300 B| 2 | 
The Back of Lev. 104] 8.067 | 14333 B! 2 
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T he Retidue of Table XLIV. 
4 Catalecue of the miſt noted fixed Star«, 
1, . en | [ tl | 
The Names of the Stars. L212 | h | 
| Q | tude, | FLatttude. 
WE-4 Þ @ 
= : [D. p.d. | De. p. | 
he laſt ſave one 1n the | of rl: _ lg aac Reva 
£ 'y TLC 79 »1- Po 4 . 
- ; L. . s Ba. AY —_ 
The irrcgular Star in Charl:s's Wain about the | 67 T9013 3-300-Þ 
Tail 2 | 
page , OA-} 20:T08 TS 
The laft in che Tail of the greater Bear. | ", Thr _—_ 0-100 B| 2 
The Wins of the Virgin /indemiutri2 Has. Viaſ4*. 54417 | 2 
= . EY C > "& .* C -— = 6 J 
Spica Firgms. | = 6.707 | 16-255 B| 3 
© ws. ' % A ! \ = 4 ] 
1 he Star by cheT ail of the greater Bear, Ar ) | 20.650 | 1.993 A| 1 
T} . * * a x O ACT DCATL gti iTHS, OF B- 5 fo +; 21.5 6 
he bright Star in thc Gnofuan Crown MY UW od Jo 3 hipef Wha 
I Is of 0 S 4 A 4 2 
The Southern Scale of Libra. =P OE 199-329 © | 2 
The Northern Scale of Libra OSS P43. i 1 2 
. yu . 061 $6,:8>+T- $587 
The bright Star in the neck of the Serpent. o6 1 19 903 | CE a 
The lett hand of Opbruchrs. | we” | 0.0904 | 23.593 D | 2 
Pr . Þ bo h >. A | 
The uppermoſt Star in the Forchead of Scorpio. | o6| oy vp "73 I 61.3 
The Heart of Scorpio, Antares. pot 4 3. I CS3 B| 2 
The Head of Hercules. (7 11 WO 4450 A] 1 
F : '®] | 37 A 
The Head of Ophiuchrs. bg Wo nnd 15 .393 b]| 3 
The bright Star of Lyra. | 0 | COR Og 3)9)90 D| 3 | 
The Þill of the Swan. | oO | NO 61.792 B| 1 
' . | Q 20,11 FF: Z # » & WW « J 
Tpeuors Northern of the three in the Horn of | | 7 | 49-033 5] 3 
apricorn. | ; 
» 4 ON AO. )y a7 
bo oo Southern of the three in the Horn of | © | 7 7033 13 
(Capricorn. E- | 
The = of the two bright Stars in the Tail | | m 4.693 5 Lhe 
Ol Capricorn. | | | 
1 q | \ & 4 as} : 
The lett Shoulder of Ayuarirs. | x. b] oh: EY 0493 A , 
The hinder part of the T ail of Copricorn, ELLEN | as o- B\ 3 
Phe Breatt of the Swan. | me ay _— EOS A 3 
I he Mouth of Pegaſrs. Ls 1.500 | 57.159 B| 3 
| n \ z - 0 2.05. FS) I d, 5 
The right Shoulder of Aquariys. oo cx; JI EFF Bl 3 
Fomah11t. lO! DAP '0.70D 5 3 
The Tail of the Swan. Me a,” © + Galairinds A] 1 
Marchab Pegaſus. 10 2 27) | )9-242 b | 2 
Scheat Pecajts | [10 | 20325 [19433 bl 2 
The Tail of rhe Whale. = A SIE Ae, : Diu | 
The laſt inthe Wing of Pec aſus. m_ 29.31 7 20.783 A} 2 
Ls Head 01 Andromeda. * Z T1 | I _ wy 03 Fo | - 
1e knot of the Fiſh-ne [NEO 5.700 Þ , 2 
t. 11 | 26.175 | Sor5 A\ 3 
IT 7.2001 25.983 Þ | 2 


I he Girdle of Andromeda. 
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TABLE XLY. 


'4 Table of Declinations, and of the Anegles of the Ecliptick and Meridian, 


— — 


QC _—_— —_ —__——_—_—_— 
| > — _— —_— _o_—_ —— — 
umm__—_ Tn D— 


——— 


Declinations. | | Aneles of the Ecliptick and Meridian, 


gm [| om 
De. p.d. | De. p. d- 


S | TP = 
Y | G— 
$ | De.p.d. 
(9) 
I 
2 


LE D—— 


 GG— CERG—— —_ 


02 ©0000 | I1.5993 | 20-2017 


NJ 
— 
Oo 


| 23 >8Y | '592490q 


66. 6 8. 

| | 00.3986 | r105ER | 20.447 | pg yd | + yo | 

| | 00-7973 ; I 2.19099 oy” 4 66.53 69.97 | 78.83 |. 

| 3 or. 1958 | 12-5437 | 209117 | 66. 70.18 | 79-20 | 
4 01.5939 I 2.6039 21.00IL7 *J3 > : | —— % 
_ .58 |2 

[7 crop | ny arms | | 6 | ago | 2998 2 

1. 61 03.3889 | 13-3550 1 37-3050 66.655 | 70.85 | 80.35 123] 
SHES RAEECEH 

I '21 . | 

91 03.5761 | 14-5333 j 21-8553 1 i} 66.77 | 71-33 | —=|=1 
—]- . | ; 81 20 

1 to] 03.9706 | 14-5514 22.0058 | | ot Ley 4 [30 E 

'| x1 | 04.3636 15.1653 — | 66.97 72.10 82.35 | 18 | 
paar EAA 
e064 : 
4 | 055558 | 16.0808 | 22.5383 I | G7.12 7903. | G37” 4 | 

: 

+ "Ix I de cage | 7 83.58 I 

| 15 05.9236 ny 144 ery}. | | 5 pe 0 FE | = [| 

| 15 05.3103 16.6686 na wh | | 67.42 | 73.48 4.42 113} 

+ ps EE | 22 9597 67.53 | 73-78 | 8483 12 

| I 07.0781 I7-2372 | 22.9507 6 65 74.08 85.25 II 

| 19 07.4592 | 17-5142 |, 23-0431 =p | =_ | 

|=, - | ; 8. Io. 

| 20| 07.8383 17.7858 [23-1309 | lee 74-35 | SY 9 f 

1 27 | 082156 | 0001 oz 68.05 75.02 | 86.53 | 8 | 

BEA AR AETIEZEEAF 

| 23 , v & | y . 6 

| 14 09 3339 18.8200 23-3636 | 68.33 | 75.67 | 87.40 U 
_ : 68.50 | 76.00 | 8783 t 5[! 
25 | 09.7017 | 190647 | 23-4053 88.2 4 | 
26 | 10.0669 | 19.3039 | 23-439 on 7633 | $8.70 : F 

1 27 | 10.4297 | 19-5372 23-405 I 69.00 | 97.02 | $9.13 BF 
28 | 10.7894 | 19.7647 | 23-4047 F£] | 60.18 338 | 8957 xi 
| 11.1464 | 19.9864 | 23.4961 | | 9- oy | Mt © | 

1 30} 11.5003 | 20.2017 | 23-5000 | 69-372 a La. "a | 


— 


_—  —_ — —_— 


—_ — — — — — SE en 


_— 


| 


| —_— ——_ 


0084 On | pp ww - O | "$2349. 


= —_—_—_ wc s 
__ _ a— 


——— ww 


De. dec. [1p 


000.0900 
000.9169 
001.8352 
002.7517 
003.6692 


004.5872 
005.5956 
006.4244 
007.3442 
008.2644 
009.1853 
OIO.1072 
011.0393 
011.9542 
012.8792 


©13.8056 


014.7331 


015.6619 
016.5925 


O17 5244 


O18 4553 


019-3933 
020.3306 


021.2694 
022.2103 


023.1531 
| ©24.090T 
©25 0459 
O25-9942 
026.9458 


” | SOON 
027.8997 | 057.0069 
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TABLE XLVI 


A Table of Right Aſcenſions. 


4 
WW 


De. dec. þ. 
027.8997 
028.8558 
029.8144 
030.7758 
031.7394 


032.7058 
033-6747 
034.6467 
©035.6211 
036.5983 


037.5783 
038.5614 
039-3473 
040.5361 
041.5281 


042.5228 
043.5206 
044-5211 
045.5250 
046.5319 


047-5419 
048.5547 
049.5708 
050.5897 


| O51.6119 


052.6369 
O5 3.6650 
054.6961 
O5 5-7300 
056.7669 


— 
m———__—_— ——_——  _ ——— 
On U—— 


I 


— 


De. dec. p. 


057.8069 
058.8494 
059.8950 
060.9419 
C61.9939 


063.0475 
064.1936 
065.1622 
066.2233 
067.2867 


068.3525 
069.4203 
070.4906 
071.5625 
072.6367 


> o— 


073-7125 
074-7903 
075-0694 
076.9503 
078.0328 
079.1164 
080.2011 
O81.2872 
082.3742 
083.4619 


084.5503 
085.6394 
086.7292 
087.8192 


088.9094 


090.0000 


— 


E———_ 


m—— 


&O 


De. "i P. 


090.0000 | 


091.0906 
092.1808 
093.2708 
094-3606 
095-4497 
096.5381 
097.6258 
098.7128 
099-7989 
199.8836 
IO1.9672 
193-0497 
I04.1306 
I05.2097 


106.2875 
IO7.3633 
IOB 4375 
IO9 5094 
110.5797 


111.6475 


I12.7133 
113.7767 
114-8378 
115.8992 


I16-9525 
I 18.0061 
I19-056g 
I20.1050 
121.1506 


122.1931 | 


& 


De. det. p. 
122.1931 
123.2331 
I 24-2700 
125-3039 
126.3350 
127.3631 
128.3881 
129.4103 
I 30.4292 
131.4433 


— 


I 32.4581 


I 33.4681 
134-4750 
135-4789 


I 37-4772 
138.4719 
139 4639 
140.4528 
141.4386 
142-4217 
143-4017 
144-3759 
145-3333 


146.3253 


_— 


147-2642 
148.2606 
149.2242 
140.1856 
151.1442 


—_—  ——_— ——— 


I52.1003 


I53.0542 |, 
| 154-9550 |; 


156.8469 j 
157-7097 [|| 


a oO — 


—_—— ee 


Ip 


De. dec. D. <> 


152.1203 |; 
I54.0058 |! 


I55-90Ig9 


PB > — — Ab 


158.7396 1 


159.6094 
160.6067 


= 


161.541 9 
16244756 || 
163.4975 | 
164.3381 || 
165.2669 


— 


166.1944 
167.1208 


168.0458 
168.9697 


1 


. 169.8928 


 — 


170.8147 
I71.7356 
172.6558 
173-5756 
174-4944 


175.4128 
176.3308 


177-2453 | 
178.1658 || 
179.0831 


! 
/ 


180.0000 


— —— —_ 
_—_— *. = 


} 
J 


x1 
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The Reſidue of T able XLYVI. 


A Table «f t 


þ De. dec. Þ. | De. dec. þ- 
= | 180.0090 | 207.8997 
t | 180.9169 | 208.8558 
| 2 | 181.8342 | 209.8144 
3 | 182.7517 | 219.7758 
4 | 183.6692 | 211.7399 
x 184.5872 | 212.7058 
6 | 185.3056 -] 213.6747 
| | 186.4244 | 214.6467 
$ 187.3442 | 215.6211 
| 9 188.2644 |j 216.5983 
| to | 189.1853 | 217.5773 
11 | 199.1072 | 218.5614 
12 | 191.0303 | 219. 5472 
| 13 | 191.9542 | 220. TINT 
| 14 | 192.8792 221-5281 
E 193.8056 | 222.5228 
16 | 194-7331 | 223.5206 
[1 | I95.6619 | 224.5211 
18 | 199.5925 | 225-5250 
I9 | 197.5244 | 226.5319 
2 | 158.4553 |. 227.5419 
21 | 199.3933 | 225.5547 
22 | 200.3396 | vn. a 
23 | 201.2694 | 239.5997 
24 | 202.2103 | 231 GI 19 
25 203. 1531 232 6369 
[.26 | 204. og81 | 233-6650 | 
27 | 205.0450 | 234-0991 
28 | 205.9942 | 235-7300 
29 | 206.9458 } 236.7659 
| 30 207. 5997 237.8069 


he Right Aſcenſion, 


— ﬀ _— =>" 


XXLLALEX 2 


—— >. -. 


A— _ 


|__| LS. 
| D-. dec. p | De. dec. p. | De. dec. p. * De. dec. P- | 
RSA JETS — Ws way 
| 237.8:69 | 270-0000 | 302.1931 | 332.1903 i 
238.8494 | 271-0906 | 303.2331 | 333.0542 
# 2398959 | 272.1898 | 324.2700 | 334.0058 
\ 240.9419 | 273-2708 | 305.3039 | 334-9550 
\ 241.9939 | 274-3 3008 390. WE I43S 333-9019 
LOTTO 77 4a 
| 243.0475 275.4497 307.36: 336-8469 
{ 244-1036 | 276.5381 508.3881 337-7897 
245.1622 | 277-6258 | 309-4103 | 339 {4 94] 
f 246.2233 | 278.7128 | 310.4292 339.6694 | 
| 247.2867 | 279.7909 | 311-4453 | | 340.6067 
| 248.3525 | 980.5836 312.4581 | 341.5419 | 
249.4203 | 251 9672 | 313-4681 1 342-4756 | 
| 259.4996 | 283-0497 314-4750 3434075 | 
| 251.5625 | 284.1306 | 315.4789 | 345-3381 
| 252.6267 | 285.2097 | 316.4794 | 345-2669 
Jap—m—m—rrnrn——__  - = — —_——_—_— 
| 253-7125 | 286.24 2875 | 317.4772 | 346. -1944 | 
|. 254-7903 | 287-3633 | 318 4719 347: I20 
255.8694 200-4373 319.4639 1 348.0458 
| 255.9503 | 289-5094 | 329-4528 | 348.9697 
258.0328 j 290-5797 | 321. 9c} 
259.1164 | 291-6475 | 322.4217 | 350.8147 
260.2011 | 202.7133 323. 4017 | 351-7356 | 
261.2872 | 293-7767 | 324-3789 | 352.6558 | 
| 262.3742 | 294-8378 | 325-3533 | 353-5756 |: 
|, 263.4619 | 295-3992 | 326.3253 | 354-4944 [ 
264.5503 | 298 9525 | 327-2942 | 355-4128 
| 205.6394 2 .0091 328. 2606 356. 3308 |! 
266.7292 |} 299.0569 | 329.2242 3572487 | 
| 267.8192 | 300.1050 | 339.1856 | 358.165 
268.9094 | 301.150c6 | 331-1442 | 359.0831 | 
— . _ wg -| 
| 270.0000 | 302.1931 | 332-1003 360.0000 , 
—_— — —— —— — — ”  —u—— —— — 


APPENDIX. 


Divers neceſlary Rules and Tables 


Relating to 


I. Gauging of Brewers Tuns and Coppers, and of 
W ine or Ale Veſſels. 


If. Meaſuring of Timber Growing, and of the Works of the (c- 
veral Artificers belonging to the Building of Houſes or other 


Edifces. 


Pro Cemme. 


Intend riot here to tteat of the whole Art of Praftical Gauging ; neither of the 

Meaſuring of Timber growing or Un-hewn; nor of the Works of the ſeveral 

Artificers befonging to Building : As the Bricklayers, Carpenters, Maſons, Plaiſte- 
rers, Joyners, Painters, Glaſiers, Paviers, &c. For he that cati meaſure Superficics 
and Solids, both Regular and Irregular, ( the performance whereof is taught at 
large in the Second Book of Geometry, in the Third Part thereof, from Page 351 
to as 330, and that both Arithmetical and —_—_ ) cannot be ignorant of the 
performance of any of theſe things. And therefore, I ſhall here only give a ſhort 
Account of ſuch Cuſtoms as arc uſed in the Menſurations of theſe Particular Works, and 
exhibic to view ſome Tables ready Calculated which may be of goud uſe to fuch 
Gentlemen and others who may have occaſion to make uſe of them. 


SECT. 
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0 


rels, and part $ of Barrels. 


W_ IE E - . 

Pr Table for the exalt an'l ready CUageimg of 
any cloſe Cask or Veſſe el, an to gre the 
content thereof in ! Vine Gallons, and 
1002 parts of a Gallon. 


- <2 W— — 


— rao 
| Duarters of [aches. | 
| © Quar. | 1 Quar, | 2 Quar, | 3 Quar. 

"is 0.1133 | O-I1IgO | Gel 250 | 0,339 
11 | ©1371 | 01434 01459 ColgSg 
12 | 01532 | 0.1701 | ©1771 | 0.1842 
13 | ©-I915 | 0.1599 0.2965 0.2143 
14 | 9-2221 | 0.2300 5.2383 | 0.2456 | 
"I 0.2559 | 0.2535 | ©2723 | coa8r1 
15 | 09-2991 | 0.2353 | 939085 | 0.3189 
17 | 9-3275 | 043372 | ©-3471 | 0.3570 
| 181 0.3572 | 0.3775 | ©3879 | 0.3984 
9 0.4-91 | 0.4209 | ©4319 | 0.4420 
=o 0.4533 | 04547 0.4753 | 0.4880 | 
21 | 0.4993 | ©-SI1Ly | +5272 | 0.5352 
22 | ©-5485 | 0-5609 | 045734 | 0.58565 
23 | 045995 | 0.5125 0.5259 \ 0.5393 | 
Y 24 | 0.6528 | 0.5555 | 0.5803 | 0.5943 
. Baby - ba - s 
© 25 | 0.7083 | 0.7226 | 0.7370 | 0.7515 
R 25 | 0.7651 | 0.7808 | 097959 | 0.8110 [ 
« 27 | 0.8262 | 0.8415 | 0.8571 | 0.8927 
? 28 | 0.8885 | 0.9044 | 9-9206 | 0.9368 
I 29 | 09531 | 0.9596 ae Bak 1,0231 [| 
5 30 | 1.0209 | 1-0370 | 1-2543 | I.C716 | 
Q 31! 1.0891 | 1.1654 | 11245 | 1.1425 | 
| v 32 | 1.1605 | 1-1787 1Ig71 | 1.2155 
V 33 | 1.2342 | 1-2530 | 12719 | 1.2910 | 
w 34 | 1.3101 | 1.3258 | 1-3499 | 1.3585 
« {1.3833 
=] PT 
2 35 | 1.4583 | 1.4083 | 1:4283 | 1.4485 
N 35 | 1.5513 | 1-4893 | 1-5999] 1.5395 
Y 37 | 1.5355 | 1.5725 | 1-5938 | 1.6184 
% 38] 1.7238 | 1.5581 | 1-5759 | 1.7018 
= 39 1.8133 | 1.7450 | 1-7583| 1.7908 
gy, <—_ — — —— - - COTS ——-- 
Y - 1.9051 | 1.8351 | 1-8589] 1.8819 
E 41 | 1-9992 | 1.9235 | I-95I9| 1.9755 
Z 42 | 2-2955 | 2.0231 | 20471] 2.0913 | 
v 43 | 2-1941 | 2.1159 | 2-1445| 2.1633 
> 44 2-2959 | 2.2251 | $:2443 | 2-2596 
45 | 2.3981 | 2.3205 | 23453] 2.3722 
46 | 2.5035 | 2.4243 | 24505 | 2.4770 
47 | 2.6112 | 2.5303 | 2 $571} 2.5840 
48 | 2.7211 | 2.5385 | 2-9555 | 2.6934 
49 | 2.8333 | 2.7489 | 2-7735 | 2.80g1 
go | 2.9478 | 2.8517 | 2-8857 | 2.9190 | 
51 | 3-2545 | 2-9758 | 3-0959 | 3.0352 | 
52 | 3-1835 | 3-0941 | 3+1237 | 3.1536 

| $3 | 3-3243 | 3-2136 | 3-2439 | 3.2743 

54 | $-4283 | 3-3355 | 3+3993] 3.3572 

l 55 | 3-5541 | 3-45$5 | 34910 |. 3.5224 

| $55 | 3-5822 , 3.5859 | 3:5179 | 3.5500 

$7 3.3125 | 3+7145 | 37471 3.7797 

. 53 1 3.9451 | 3.2454 | 3-8785 3-9118 

| I9 40800 C785 | 4.0123 4. 461 

co 4-1141 | 4.1433 14.1825 

——— " 


the Gaugins of Wine or Ale Veſſels, and to find the content of them in Wine or Ale Gallons, 
4 part s of Gailons: Alſo of Brewers Tuns and Coppers, and to find their Contents in Bar- 


A Table for the exact and ready Gage- 
ing of any cloſe Cask or Vejel, and 
to give the Content thereof in Ale 
Gallons, and 1000 parts of a Gall. 


Daarters of Inches. 
| f Qua. | 1Qua, | 2Qua. | 3Qua, 
10 | 0-292 | 0.098 | 0.102 | 0.107 
II | O-IHI2 | 0,117 | 0.123 | 0.128 
I2 | 0.134 | ©-I39 | 0-145 | 0.151 
I; | CeI57 | 0.153 | 0.159 ©,175 
| 14 | 0.132 | c.183 | 0.193 | 0.202 
| Is | 2.209 | 0-216 | 0.223 0.230 
15 | £.238 | 0.243 | 0.253 | 0.260 
17 | 9.257 | 0.274 | 0.284 | 0.292 
13 | 0,391 | 0.398 | 0.318 | 0.326 
| I9 | 0-335 | 0-342 | 0-353 | 0.362 
| 20 | 0.371 | 0.331 | 0.357 | 0.399 
21 | 0-409 | ©-ql19 | 0-429 | 0.439 
| me 22 | 0-449 0.459 | 0:470 | 0.480 
= 23 | 0-491 | 0.501 | 0.512 | 0.524 
8 24} 2-534 | 9-545 | 9-557 | 0.568 
JE, 
= 25 | 0.580 | 0.592 | 060g | 0.615 
Vv 26 | 0.628 0.639 | 0.652 0.564 
= 27 | 9.677 | 0.689 | C702 | 0,725 
= 28] 0.728 | 0.741 | 0.754 | 0.967 
: w, 29 0.781 | 0.794 | ©.80F | 0,822 
| 8 30 | 0.335 | 0.849 | 0854 | 0.898 
S 31 | 0.892 | 0.907 | &-921 [0,935 
.S 32 | 0.951 | ©9653 | 0-980 | 0.996 
IA 33| Lc | 1.026 | 1.042 | 1,057 
2 34 1079 200g ToI0Y 1.121 
| .S 35 | r-137 | 1.153 | 1.170 | r,187 
vV 36S | 1.203 | 1.220 | I-233 I-254 
"'S 37 | 1.271 | 1.288 | 13305 | 1,323 
SS 38| 1.341 | 1.358 | 1.376 | 1,394 
| VL 39 | 1.712 | 1.439 | 1:445 | 1.457 
on R——s Os 2 Coy Cr 
Ras 40 | 1.495 | 1.504 | 1:523 | 1.541 
S* 41| 1.551 | 1.579 | 1.599 | 1.618 
> - 42 | 1.538 | 1.557 | 1.659 | 1,699 | 
|= 43 | 1.717 | 1.937 | 1.757 | 1.997 
= 44 | 1-797 | 1-817 | 1.838 | 1.859 
» 45 | 1.880 | 1.gcr | 1.922 | 1.943 
| 45 | 1-954 1.985 | 2.07 2.029 
| 47 | 2.051 | 2-072 | 2.095 | 2.117 
48 | 2.139 | 2.161 | 2-133 | 2.206 
49 | 2.229 | 2-252 | 2-274 | 2.298 
| 50 | 2.321 | 2-344 | 2-367 | 2.391 
51 | 2.414 | 2-438 | 2-462 | 2.486 
| 52 | 2.510 | 2:534 | 24353 | 2.583 
53 | 2.601 | 2.531 | 2.657 | 2,682 
54 | 2.707 | 2.732 | 2787 | 2.982 
| 53 | 2-908 | 2.834] 2.855 | 2.885 | 
55 | 2-911 | 2934 | 2-964 | 2.990 
| 57 | 3-015 | 3.0943 | 3.269 | 3.056 | 
58 | 3-123 | 2.150 | 3.177 | 3.204 
59 | 3-232 | 3-292 | 3.287 | 3.314 
$0 | 3-342 1 3.373 | 3-358 | 3.425 


I @ — 


* 


A—— 


” 


_ 


— 


—— 


The 


894 


"An APPENDIX. 


— — 
— — 


The Ve of the T ables for the Gauging of Wine »» Ale [:yels. 


To Gauge any Wine or Ale Cask or Vejel, you mnnſt firſt rake the Diametreg at the 
Head and Bung of the Yeſe!, and allo the length of the Vellel within ; in Inches, and 
quarters of Inches, which being truly taken, the Content of the Cask in Wine or A/- 
Galons, and parts of a Gallon, may cxactly be found by theſe Tables. 


Example 1. Let there be a Wine Veſſel, whoſe Diametre at the Bung ts 37 Inches, at the 
Head 17 Inches, and the length thereof 54 Jnches ;, and let the Content thereof be required in 
Wine Gallons, and parts of a Gallon. 


Look into the'Table, and find 32 Inches ( the Diametre at the Burg) in the firſt 
Column, againſt which ſtands 1.1695, which number you muſt fer down twice. 
Alſo look in the firlt Cotumn for 17 the Diametre at the Head, againſt which ſtands 


0.3275, which number ſer down under the two former, and add all three together, 


and their Summ will be 2.6485, which Summ you mul multiply by” 54, the length 
of the Veſſel, and the Produtt will be 143.0199, from which cut oft four Figures to 
the right hand, and there will remain 143 Gallons and .919 thouſand parts of a Gal- 


lon, which is not a quarter of a Pint. For: 


ELK [PR 
.250 2 | 
*375 FIT 2D. 
500 >Parts cut off arc cqual tos 4 >Pints, 
G25 | 5 
4 FO 6 | 
0739, Ja; 
See the fullowing Work, 
Diametre at the Bung 32 Inches 7.1605 
The ſame again 1.1605 
Diametre at the Hcad 17 Inches 0.3275 
h | 26485 
The length of the Cask 54 Inches 54 
195949 
132423 
The Content of the Veſle] 143.0199 


143 Gallons, and .o19 parts of a Gallon, which 1s not a quarter of a Pint. 


Example 2. Let there be a Wine Cask, whoſe Diametre at the Bung #5 29 Inches and 4 
palf, at the Head 23 Inches and a quarter, and the length 47 lnches and a half, to find the 
Content in Wine Gallons. 


Look for 29 Inches in the firſt Column of the Table, and for 2 quarters (whuch 
is half an Incl: ) at the head of the Tablc, and againſt 29 and under 2 quarters, you 
fhall find this number,0.g9863, which ſer down twice; Alto look for 23 Inches in the 
firſt Column, and 1 quarter at the head of the Table; and againſt 23, and under 
1 quarter you thall find this Number, 0.6126, which ſer under other two, and thele 
three numbers added rogether, make 2.5852, which number multiplyed bY 47 In- 
ches and a half, ( that is, by 47 IE for 25-8 for a quarter of an Inch, 5 for half, and 
75 tor 3 quarters of an Inch ) the Product will be 122.79709, from which cur off 
the hve laſt Figures to the right hand, and there will he 122 Gallons, and 797 thou- 
ſand parts of a Gallon, which is lomewhat above 1ix Pints, 


Diametre 
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" Diametre at the Bung 29 + Inches 2.9863 
The Jame again 0.9853 

Diametre at the Head 23 ; Inches | ©6126 

The Sumim 2 5852 

The length of the Y'sffet 47 5 Inches 47-5 

129260 

180964. 

193498 

I 22.79700 


The reaſon why five Figures were now cut off is, becauſe of the parts of an Inch in 
te lengrh of the Cask, for had the length been only 47 Inches, you ſhould then 
we cur off only 4 Figures as before; and had the length been 475 or 47 5 which 
echus to be exprefed 47.25, and 47.75, you mult then have cut off 6 Figures, vc. 

The T able for the Gauging of Beer or Ale Veſſels, is to be uſed in all reſpects as 
hat for the Gauging of W ine Cask. And therefore one Example ſhall ſerve to ſhew 
he Uſe of ir- Which let be this following. | 


Example. There zs a Veſſel, whoſe Diametre at the Bung,is 34 Inches and p half, at the 
Bug 26 Inches and a quarter, and 7s long 54 Inches, How many Ale Gallons are contained 
threw? 


The Diametre at the Bung 343 _ 1.105 
he ſame again 1.105 
The Diametre at the Head 264 << * 0.639 
| [The Summ "2249 | 
The length of the Veſſel : je. 
11396 
14245 


The Content 153 | 846 
That is 153 Gallons, and almoſt 7 Pints. 
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A Table ſhewing the Content of any Round Brewers Tun The uſe of this Table. 
i Barrels, and 10000 Parts of a Barret. | 


Example, There zs a Round Tun, 


— —— whe Diametre is $1 Inches. and ; 
_ . | it 
| B. Parts B.Parrs SY aku s | ws deep in the {19uor 48 Inches how 
Jools} 4i| 9-139 81 | 0.5097 | Many Barrels is there un this Tun? 
2 | .0003 42 | +1354 82 | ©5203 
3 | 0567 43 | +1439 83 | +5331 Look for 81, the Diametre of 
4 | 0910 44 Hy - | OS the Tun, in the firſt Column of 
| T3. 94.27 _5 | 357" | this Table, and right againſt it, 
6 | 0.9023 | 45 0.1539 | 86 | 045723 you ſhall find this Number, 0.5077; 
0 | .oo38 47 | 1711 87 | -5857 | which being Multiplyed by the 
'@ | 0050 43 | +1784 8 | 59921 -depth of the Liquor, prod 
| g | 0063 49 | 1858 89 | 6125 6 hi; guor, Pproduceth 
| to| 0077 5o | +1934 90 | +6263 os 96, which is 24 Barrels, 
nt = | --—-| —|—--—-| and .3696thouſand partsof a Bar- 
x1 | 0.0094 gt |-0-2072 91 | 2:6498 } rel, and fo many Barrels is in the 
12 | 0112 "| Spe-he a 0549 Tun, 
" O131 83 | 2173 f 93 | +0092 
£ Fi, ohss 524 | ©2255 | 94 | +6836 __ See the Work. 
= Is »0174 55S +2340 v5 6982 The Diametre 81, ec 0.5077 | 
= ——| —-|--|. —-|--| Depth of Liquor 48 Inch. * 48 
S 16 |c.oigs| G g6| 0-2426| 3G gs | 7130 BY 
| = 17| .0223]D 57] -2364|D 97] -7279| aye 
BS 18] 0255 | » $58] 2603} wv 98 | +7430 40616 
v 19| .0299| V +59] 2693 | & 99] -75841 20308 
— 4 
ox hs + Y 6o| 2785 | & 100} +7737 T | a 
w 5 iy | © - Ya, } HY TO peg ar he Content in Bar- ; 
B 21 | 00341 RM 61 | ©2879 %; 101 | 0.9893 xo”; js 5 in Bar pe 24 3696 
| &= 22| 0374 = 62 | +2974 = 102 | .8050 |- 3 arts, | 
| E 23 | +0409 63 | +3971 103 | 8209 Now how much this 3696 Parts 
a 24 | 0445 64 | «3169 104 | -83595 ofa Barrel is, you are to take no- 
|. 25 | 0484 6s | 3009 ws] 3550 | tice, That - 4 
C—— $——=—cs ———_— — —— — w—_— -— X ir 
[= 26 | 0,0523 65 | 043371 106 } 8653 I.CO00 ) --" Barrel, | 
29 | «0564 67 | +3474 Io7 | 8858 -JOCO I Kildertin, 
28 | £606 68 +3578 108 | +9034 -2500 I Firkin, 
<4 hor $0 EET OS 10278 5 4 1 Gallon 
. «S7QOI I «9JS1 5 3 
31 | 0.0743 71 | 0.3500 111 | 0.9532 f . z I Duart, 
32 | 0794 72 | «4oll II2 | 29795 ©0335 , x Pint, 
33 | -0843 79 | 4024] ng 1 09000 | 
34 | 0895 7 +423 114 | locgo t . . 
4 [ba ot as irs | 1.0233 | Now look in this Table fot | 
—2| <S] —|——-| —-|—---| -36g6, or the nearcſt number to | 
35 | 0.1005 | e242 M6 1.04111 "it, which islefs, and that is .2500 | 
37 | -1061 77 | -4588 117 [1-9591: and fignifies x Firkin.— Subtrat | 
33 | 1118 | 78 | .4708 118 | 1.0772 ſe U | 
35 | 1177 79 | 4830 119 | 1..555 | 2500 from .36g6, and there re 
4© | .1238 80 | -4953 1201 1.114c mains .0096, which number look 
___ bans for in this Table, and the nearcſt 


to it is 6g 2, which is 1 Quart; fo that the Lzquor contained in this Tun, is 24 Barrels, 
x Firkin, and 1 2uart, and ſomewhat more. : 

This is exattly true, when the Tun is all of one bigneſs, both at the top and bot- 
tom: bur if it be narrower at the top than at the botrom, then the calicſt way, (and 
exat cnough) is, totake the Diametre of the Tun abour the middle of it, or rather 
(if you can) at the middle of theLiquor : This may be called the meanDiametre, which 
being found in the firſt Column of this Table, and the Number ſtanding againſt it, 
Mulcplicd by the depth of the Liguer, ſhall give the Content in Barrels. 

Example 2, Let the mean Diametre of a Tun be found to be (about the middle of the Liquor,) 

- 8 Inches,. and the depth of the Liquor 76 Inches, how many Barrel of Liqner us here in that 


Tun? 
| The mean Diamertre 98 Inches, 
The number againſt g8, 1s —— 0.7470 
The depth of the Liquer 76 Inches —_— Ss 1 
44580 
| | 52010 
The Content, ——— ———  F$6.4680 
Barrels Kil. Fir. Gal. Put. Qu. Pk | | 
© 42:01 @ £ 4 
And ſo much Ligucr is in the Tun. 


_. 
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A Table ſhewing the Content of any exatt Square, or. ( )blong Brewer s Tun, m Barrels, 
and 10000 Part s of a Barrel. 


— C— 


—_— —_—— apt © ; : __ : 
The Leneth or B readth of the Tun m Feet. 
XXL, | XX | XVID | xvII | XVI XV X(V | XIIT | Xl Xl 
B.parrs | B.par's | B.parrs | B.parrs | B.parrs | B.parts | B.parrs | B.parts | B.parts | B. parts 
29 | 5-6739 | 5:3500 | 5.1164 | 4.2222 } 45392 | 42554 *. 9716 | 3.6880 | 3.4244 | 3.1205 | 20 
S-I205 | 4.8511 | 4.5217 | 43122 | 4-2425 | 3e773T | 3 5235 | 3-2340 | 2.5545 | 19 
—— — — ——_ = < C—— ue mn EI A5r =o. | mo SG: oe —_—_— CF — —— 
4-5$58 | 4.3405 | 4-852 | 3.8253 | 3.5745 | 3-3152 | 3-0603 | 28084 | 18 | 
F:3 4.-<9094 | 3-883 | 3.5172 | 33790 | 3.1343 | 2-8934 | 2-5524 | 17 
1 | 0.2142 od | | 3-5314 | 3-4944 | 3+1774 | 72-9504 | 2-7232 | 2.4964 | 16 
2 | 0.0284 | 9.2557 In | 3.1916 | 2.9788 | 2.7560 | 2.5530 | 2.3303 | 15 | 
Cppmagm____ - - anos os - -— — OO O— =O —— ——_ - — — - —  ___— —_ 
3 | 0.0426 | c.o851 | 91277 IV 2.7852 | 2.5815 | 23328 | 2.1842 | 14 
: 4 | 09-0567 | ©1135 0.1903 | 0.2270 V 2.3972 | 2.2126 | 2.0282 | 13 < | 
6 wm — = waa | ne] o ee OOlSV OO SMT RES 
* 4 FOOTER 0.1418 | 0.2128 | 0.2837 Phn: VI 2.0244 | 1-8722 | 12 bh 
.S 6| 0.0851 | 0.1702 | 92553 | 0.3404 | ©4255 | C5106 VII 1.7162 |11 + |] 
Ws _ "Rl "YN ERR = > — a — —  - —  — —  — — — bg ! 
£ q | 0.0993 | 0.1926 | 0.2979 | 0.3572 | 0.4905 | 0.5959 | 96951 VEII by | 
YL 8 | 0.1135 ] 0.2270 | 2.3424 | ©:4539 | ©+5574 | 0.6808 | 2.7944 0.9080 IX » | 
No— . - | —-- | -- | ennmms | ccctomny | voce noon ns | on oocey 2 enonccces | ono 
S 9g] 0.1277 | 0.2553 | 0.3830 | 0.5105 | 0.5383 | 0.9550 0.8937 | 1-2214 | 1.14?9g X => 
2 10| 0.1418 | 0.2837 | 0.4255 | 0.5574 | £7052 | 0.8511 | 9:5929 | 1-1348 | 1.2756 | 1-4184 (10 © 
IJ — nnm— n— -- =o — -- > — 0 TI TR c—_ — —— = — — 
bv 11 | ©.1560 | 0.3129 | 0.4580 | 0.5241 | 0.7801 | £2351 | T-Og21 | 1:-2402 | 1.4042 | 1.5603 | II VB 
Q 12 | 0.1702 | 0.3404 | 0.5106 | 0.58-8 | 0.8510 | 1.0212 | I-I914 1.3616 | 1.5318 | 1.7022 | 12 WQ || 
k Fg ws = __ © © yn —  — — c__ © © — $m—_——_ 
Swi > || 
t 13 | 0.13.44 | 0.3588 | 0.5532 | 0.7376 | 9-9220 |] 1.1054 | I-2908 | 1:4752 | 1.6556 1.8440 | 13 -Q | 
W 14 | 0.1985 | 0.3572 o-$958 | 2.7944 | 09-9929 | 1.915 | 1-301 | 1.5887 | 1.7873 | 1.9858 | 14 o 
UV mms - -- ' P_ © © G—— —- ———— oO _—_— m_—_® © cms —  - ——— — — 
N = 0.2128 | 0.4254 | 0.5333 | 0.8511 | 1.2639 | 1.2756 | 1.4894 | 1.7022 | 1.9149 | 2.1277 | 15 an, 
v R % 
= 16 | 0.2269 | 0.4538 | ©.6809 [0.5078 | 1,1348 | 1.3518 | 1.5889 | 1-157 | 2.0426 | 2.2696 | 16 = 
— __ __ —_ | da - Wy — — — — — — — 
17 | 0.2411 | 0.48:3 | 0.9234 + 0.9549 | 1-2057 | 1.4468 | 1+5830 | 1-9291 | 2.1703 | 2.4114 | 17 
18 | 0.2533 | ©.51-6 | 0.7559 | 1.0212 | 1.2765 | 1.5319 1.7872 | 2-0425 | 2.2979 | 2.5532 | 18 
—_— ——— — nn—— | -. — | -- —_— —— —  —— } —— | 
| ig | 0.2595 | 0.5392 | 0.8085 | 1.9720 | 1:3475 | 16170 1.3855 | 2-1560 | 2.4255 | 2.5970 | 19 ! 
| 20 | 0.2837 | 0.5674 | o.8511 | 1.1348 | 1.4184 | 1.7932 | 19259 | 2.2695 | 2.5532 | 2-8368 | 20 
I i | mn IV V VI vit | vill | 1X x | | 
The uſe of this Table. 


Example 1. Let there be a ſquare Tun, whoſe four ſides are each of them 9 Foot, and it is 46 inches 
full of Liguor, how many Barrels of Liquor is there in this Tun ? 

Look in the top, bottom, or midd[: of the Table for IX Foot, among the Numeral Letters, and 
alſo for 9 in either tide of the 1able, where you can find it among the common figures, and you 
ſhall find 9 in the left hand Column ; then carry your finger along that Line from 9, till you 
come under IX in the middle of the Table, and the number under IX is 1.1489, which mul- 
tiplied by 46 inches, (the deprh of the Liquor, ) the ProduCt is 52.8494, which 1s 52 Barrels, 
and $494 ten thoutand parts of a Barrel, or 52 Barrels, 1 Kilderkin, 1 Firkin, 1 Quart, and 2 


lttle more. 


The number againſt 9, and under LX is 1.14% 
The depth of the Liquor 46 inches, = :7-H6G 
68934 

45956 


| Barrels, 52.8494 
Example 2. Let there be an Oblong, or Long-Square Tun, whoſe Length is 18 Foot, and Breadth zs 
I2 Foot, and it zs 35 Inches full of Liquor; how many Barrels is thera contained ? | 
| Look tor X11 ( the breadthof the Tun) at the head of the Fable, and look down that Column till you come againſt 18 
n the right fide of the T,,ble, and under XI, and againſt 18, you ſhall find this number 3.0003, which being — 
ed by 35 Inches, the depth of the Liquor, the Product will be 105.0105, which ( 4 figures being cut off ) leaves 105 Bartels, 
ud ,0105 ten thouſand parts of a Barrel, which 1s 1 Quart and 1 Pint; and ſo much Liquor 1s 1n the Tun. 
The number berween 18 and XII 15 3-<0O3Z 


The depth of Liquor 35 liches, 35 
15015 
C0009 

The Content in Barrels, 105.0105 
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| A Table ſhewing bow much is wanting of a Beer Barrel, at every The uf: of this Tale, 


a 


Inch, and a quarter of an Inch of Emptineſs, both in Vine and | 


'The uſe of this Tabl: 
zallons. : 1s 1ablz 
Ale Gal 15 twofold. 
RE " To know hor much Li- | 
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& 017 2 $0 \9 3 20 8 o|zZl 3 00 36 2 39 Gallons, 7 Pints, and bl 
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SECTION I. 


Of the Menſuration of Timber-T rees, Growing, or Un- 
ſquared ; And of the W orks of the ſeveral Artificers 
| Relating to the Building of Houſes or other Edifices. 


_— "— 


I. Of Timber Growing, or Un-ſquared, 


N the third Part of the Second Book hereof is taught how to meaſure all ſorts of 
[ Regular Solids, and ſuch arc Timber and Stone when ſquared : But for Timber 
Growing or Un-ſquared there are ſeveral Cuſtoms uſed in the meaſuring of them 
upon Buying or Selling of them, as of Oak, Aſh, Elm, &c. | 

|. In "ha of Oak Timber ( where the Bark is piclcd off) the Cuſtom is, To 
tke a Line, and girt about the middle of the Piece, and then to double the Line 
four Times, and account that 4th part of the Girrt, to be the Side of a Square equal 
tthar Tree or Piece : Burt this way of _— is egregtoully falſe, ( as hath been 
often dereCted,; ) tor it makes the quantity of the 'T rec or Piece ( be ir great or little.) 
one fifth part leſs than ie would be, were it truly meaſured. 

Alfo in the meaſuring of Elmy Beech and Aſh, whoſe Bark is on it, the Cuſtom 
x, to ca't away one Inch out of the 4th part of the Girt, which may well be al- 
wed when the Bark is three quarters of an Inch thick, and the Tree 40 Inches 
zhout ; Bur if che Bark be thin, and the Tree leſs then 3o or 32 Inches abour, then 
an Inch is roo much to be allowed. | 


Nluſtratios, 


Suppoſe a T ree to be 4 Foot, or 48 Inches about, then the Diametre of that Tree 
willbe 15 4 Inches, and one 4th part thereof is 12 Inches : Now if you abate one 


| Inchand a halfof the-Diametre for the Bark, then the Tree will be but 43 1 Inches 


about, whoſe 4th part is not full 11 Inches; ſo that in this Caſe, one Inch may very 
yell be abated ſrom the 4th part. So again, if the Bark be thinner, and the Tree 
kfer, a ſmaller allowance will ſerve - And if the Bark be thicker, and the Tree 
larger, there ought ro be more allowed. 

ut this way of meaſuring by the 4th part of the Girr, and allowing for the 
Bark, I fay ( as I did before ) will prove to: be juſt one fifth part over Meaſure: 
This being premited, and that the difference being as 4 to 5, let them look to it 
whom it may concern. And for the benefit of ſuch as ſhall haye occafion thereof, 


_  — — 
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A Table ſhewing how much in length of any round Timber Tree, whoſe Circumference (or Girt) 
7s known, doth make a Solid Fevt of Timber, according to true Meaſure, | 


| — 
l &t Correa ano noone memes WinmmImees enum iron pooug—_ —_—_—_—_— C—  — — ﬀ—> my — 
— CU 


The length Thelength, mM The | 
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t 19 CF 1Q 2 S 42|1 © 3 26510 J Th. $.0070 2 8 
SE 20| 4 S 31 £43[9. 11 7] +010 458 S 89jo 2 7 
3x 1 4 LIES TR HEE 19 27 
Y22; 3 $ 9f $45]0 10 7] $6810 4 71 3 9110. 2.6 
& 23] 3 ENTS oO a HO OS 291026 
- IEF, 2 4 9 .- -WL: © w:O0I30 23 
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jo] = |9 x 3x10 7.181: jo 2. 91 jor: 
31] 1 10 6 $10 7 $4 771%. 3 E 100]0 2 2 
CLE IS 2|-. 5519 7. 2 8lo 3 6 
The Uſe of this Table. 


Example. If a Timber Tree be 48 Inches about, how much in length thereof will make a 
Solid Foot of Timber ? | 

Look in the Column towards your left Hand for 48 Inches, againſt which 
ſtands ©. g. 4- that is, no Feet, 9 Inches, and 4 tenth parts of an Inch : And fo 
much in length, 4S Inches about, will make a Foot Solid. 

Now if this Tree were 29 Foot ( or 249 Inches ) long, 9 Inches and 4 tenths of 
an Inch would be found 25 times and a half in that length ; and ſo many Foot doth 


that TI rce contain. 
Bur if you take one fourth part of 48, which is 12 for the {ide of the Square 


equal, then this Tree would contain but juſt 20 foot, which is 5 foot and a halt too 
lictle, which is above a fifth part, as was ſaid before. 
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SECTION ul. 


Of the Meaſuring of the Works of the ſeveral Artificers re- 
lating to Building ; and what Method and Cuſtoms are 


obſerved therein, 


| 5 Heron Principal Artificers relating to the Building of Houſes and other Editices, 
| are the Carpenter, Bricklayer, Plaiſterer, Joyner, Painter, Glafter, 8c. of which, 
ſome of their Works are meaſured by the Square of Ten Foot ( or 100 Foot. ) _ 
Y 


An APPENDIX. gol 


yy the Rod, Pole, or Pearch, (or 272 foot ſquare, ) ſome by the yard Superficial, (or 
"o0t ſquare, or yard Solid, containing 27 foot ; 1ome by the toot Superficial ( of 
744 inches,) or Solid, ( of 1728 inches. ) 


Of the Carpenter's Work. 


The Carpenters Works which are meaſurable, are Flooring, Partitioning, and 
Roofing: All which are meaſured by the tquare of 12 foot, ſo that one ſquare con- 
I :ins 120 {quare feet. 


i. Of Figoung,] 17/a Floor be 57 fect 3 inches long, and 238 feot 6 inches broad, how ma- 
m ſquare of Flooring zs there n that Room ? 


Multiply 57 foot, 3 inches, by 28 foot, 6 iuches, the Produtt will be 1631 foor, 
14 inches; that is, 16 1quare, 31 foor, or 16 ſquare, 1 quarter, and 6 foot; for the 
14 inches, (in thete works, ) they are not to be regarded. | 


2. Of Partitioning] A Partition between Rooms being in length $2 fect, 6 inches, and 


, 


in height 12 foot, 3 inches, how many ſquare 2s therein? 


Multiply 82.5 foot, by 12.25 foot, the Produtt will be 1010.62 foot; that is, 10 
ſquare and\1o foot, the 62 or 7 x inches 1s neglected. 


;, Of Roofing] Ir is 2 Rule received among Work-men, that the flat of any 
houſe, and halt the flat thereof, taken within the Walls, is equal to the meaſure of 
the Roof of the ſame houte. 


Example, If a houſe within the Walls be 46 foot deep, and 18 foot broad, hyp many 
ſquare of Roofing will cover that houſe ? 


Multiply 46 by 28, the Produtt will be 828, and the half thereof is 414, which 
added to 128, the Summ is 1242 ; thart is, 12 ſquare, 42 foor, or 12 ſquare, 1 quar- 
ter and 17 foot, and fo many tquare will there be in the Roof. 

Note, That 25 foot is 1 quarter, 50 is half, and 75 foot is 3 quarters of a ſquare. 

There are other Works about a Building done by the Carpenter, that are mea- 
ſured by the foot (Running mealure,) that is,by the number of Feer in length only : As 


Contaliver Cornice, Guttering, ) Railsand Balaſters, 
Moellion Cornicc, Lintales, Timber Front, 
Plain Cornice, Breſt Somers, Shelves, Dreſſers, 
Painthoule Cornice, ( Skert board, Qc. 


There are alfo 
Deors and Caſes, Balcony Doors and Caſes, Stars and Caſes, 
Window Lights, Celler Doors and Caſes, Mantle-Trees and Taſels, 

Tutheren Lights, Columbs and Pilaſters, Pediments, 4c. 

All which are Rated at per PiCce. 

Nete 1, In the meaſuring of orig, after that you have meaſured the whole 
Floor, you mult deduct out of it the Well-holes for the Stairs and Chimnceys.— 
And in Partitioning for theDoors, o&&c. cxccpr,(by agreement)they are to be included. 

Note 2. In meaturing of Rooting, ſeldom any deduCtions are made for the 
holes for the Chimney Shafts, the 1 wore for Lutheren Lights, and Sky-Lights; 
they = more trouble tro the W orkman, then the Stuff which would coyer them is 
worth. 


. Of the Bricklayer's Work. 


The Principalare Tiling, Walling, and Chimney work, 

1. Of Tiling] I iling.1s meaſurcd by the ſquare of 19 toot: As Flooring, Par- 
ttioning, and Roofing in the Carpenters Work were ; fo that between the Roofing 
and the T'iling, the difference wili not be much, yer the T iting will be the mot : 
For the Bricklayer ſometimes will require to have running mcaſure for Hyps and 
Valleys, which in ſome Cafes may be allowed, but in moſt plain Roots not. 

An Example in this is needlcis, r 
2. FOE 


4 = 
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2. For Wlailing,] Bricklayers do meafurcall their work by the Rod {quare,cach 


. . - . 4 A 2 U- 
cing thereof to a Standard thicknets, for in Walls and Foundations of Houſes, the 
Walls are of different thicknefies, which mult be reduced to one, 243. to one brick 


and a haltthick, as in Examples following. | 


Example 1, If a Brick wall bs 192 foot long, and 11 foot high, how many Red f work is 


contained therem 2? 


Multiply 192 the length, by 12 the height, the Produ@ will be 2304; and fo ma: 
ny ſquare tcet are contained in the Superficies of the Wall, which divided by 272 
( the number of Superficial feet in one Rod, for che quarter of 9 toot, we always hi 
zeR,) the Quoticnt will be 8, and 128 remaining, which is 8 Rod, and the 128 
foot, which divided by Gs, (the feet in one quarter of a Rod, ) the Quotient will 
be 1 Quarter of a Rod, and 6o foot remaining; to that the whole Wall contains 
$ Rod, 1 quarter, and Go foor, which is 8 Rod and a half wanting 8 foor. 


Example 2. If a I all ( of ſulr of a 1 touſe ) be 24 fout, 6 inches long, and 37 foot, 8inch- 
es broad; how many Rod zs contained therein ? 


Multiply 246 by 37.66, the Product will be 922.67, thar is 922 foot, 9 inches, 
which we will call g23 foot; this divided by 272, the Quotient will be 3 Rod, an 
107 remaining, Which divided by 68, gives in the Quoricar, 1 quarter, and 39 foot 
remaining: And this is the true content of this Wall, if it be all of one brick and a 
half thick from the top to the bottom. | 

But there is ſomething elſe ro be conſidered in the meaſuring of Brick-work, 
namely, the thickneſs of the Wall; for the thicker the Wall is, the more Rods are 
contained therein; for if the Wall be thicker then one Brick and a half, a ſquare 
Rod ( or 272 foot, will contain more than a Rod of Brick work, and a Rod of Wall 
which is lets then one brick and half thick, will contain leſs than a Rod, when it is 
reduced to the Scandard of one brick and a half thick.— So that every Rod meaſured 
upon the Superficies ofa Wall that is 3 bricks thick, will contain two Rods being 
reduced; and one Rod upon a Wall of 4 bricks and a half thick, will contain three 
Rds, 0c. wherefore for the ready reducing of brici: work of any number of bricks 
thick, tothe Standard of one and a half, take this general 


"Ts 7 


Multiply the number of Superficial feet, that ave found to be contained upon the 

Super ficies jl any Wall, by the number of half bricks, which that Wall is in thick- 

| meſs; one third part of that Produ@ ſhall be the content thereof reduced to the Stan- 
dard of one brick and a half. | 


Example 3. If a Wall be 72 foot long, 19 foct high, and 5 bricks and a half thick; how 
many Rods of brick werk is contained therein, when reduced to Standard. 


Multiply 72 by 19, the Produ@t will be 138, and ſo many Superficial feet doth 
that Wall contain. This multiplycd by 11, (the number of half bricks, that the 
Wall isthick)produceth 1 5048,onc third part whereof is 5016; and ſo many feet doth 
che Wall contain, it being reduced to one brick and a halt.— Laſtly, Divide 5o16, 
by 272, the Quotient will be 18 Rod, and 120 remaining, which. divided by 6%, 
rhe Quorient is T quarter, and 52 foor remaining ; and that 1s the true content of that 
Wall, whea reduced to a brick and a halt thick, and ſo of any other. 

. Long: High Thick *. -& -:F. 

3 273 9 2 7 It will be found © 12. 1. 44+ 

F hus ifa Wall be | = 48. - 3 \ to contain Re- ; 18: 2, 0B. 
yy -22 I diced. $9. 2-30 
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Other Bricklayers Works, v1z. 


Chimneys. ] The Chimneys in moſt Building are agreed for by the Hearth in 
each Room, and ſometimes _ are included in the Building, and paid for by the 
Rod, and meaſured with the reſt of che Building, in this manner.—lt the Chimney 
and tingle, and alone, rhe uſual way 1s to girt 1t about; and it the Jaums are bur 
one Brick thick, and wraught upright over the Mantlectree to the next Floor, then 

irt it about for a length, and the height of the ſtory for a breadth, at one brick 

thick —Burt if the Chimney ſtand againſt a Wall that is before meaſured, then the 
breadth of che breaſt, and rhe depth ofthe rwo Jaums 1s the length, and the heighc 
of the ſtory the breadth, at one brick and half, if the Jaums be ſo thick ; and no- 
thing to be dedudted for the Arca between the Hearth and Mantletrce, becaule of the 
Wyths and thickning for the next Hearth above. For the Chimney Shafts, girc 
them about in the {talleſt place, for the breadth, and the height of the Shaft for 
the lengrh, ar one brick thick, in conlideration of the Wyrths, Pargetting, and 
&affolding, which is required tor bringing them up. | 


Other Bricklayers IVorks which are meaſured by the Foot, running meaſure, are , 


Cornices of all forts,y c Streight Arches,, 5 Hyps and Valleys 
Facioes, . $4 Skeen Arches, I + as Courlcs. : 


ther Works valued by the Piece, viz. 


Pers, Pilaſters, Ruftick Work, Pediments, &c. There comes alſo to the Brick- 
s Hyers Hands the Paving of Cellers, or the like, with Brick or Tiles, and for thoſe 
1 theyarc paid for by the yard ſquare. | 


Example 4. If a Celler be paved with Brick or Tiles, which zs 32 feot long, and 19 foot 
brad, How many yards of Paving zs there in ut ? 


Multiply 32 by 19, the product will be 608, which divided by 9g, the Quotient 
is 67 yards arid 5 foot, which is above half a Yup for the Content. 

Nite, That in the meaſuring of Brick work, if you take the Dimenſions of the 
Sides of the Houſe on the out-fide, vou muſt rake the Dimenſions of the Ends in the 
intide. And note alſo, that you mult make Deduftions for all Doors, W indows, 0c; 


Of the Plaiſterers Werks. 


The Plaiſtercrs Works are principally of two kinds, Namely, ( 1.) Work I ath- 
« or Plaiſtered, which they call Cicling. ( 2.) Work Rendered, which is of two 
Kinds, viz. Upon Brick Walls; or berween Quarters in the Partitions between Room 
= ra all which are meaſured by the Yard Square, or the Square of 3 foot ; 
Which 1s 9 ſoot. | 

1. Of Cictinc? If a Cielins be 58 foot g inches long, and 23 foot 7 inches broad, How 
nary yards doth that Citiing® contain ? | | 

Multiply 58. 75 foot, by 23 58 Foot, the Produtt will be 1385-32 foot, which di-_ 
vided by -., the Quoticne will be 154 yards fere. 

2. Of PIartittoning, ] 7f the Partitions, between Rooms be 132 foot abcut, and 12 feot 
nh, How many yards in that Partiton ? 

Multiply 132 by 12, the Produdt is 1584, which divided by 9g, gives in the Quo- 
vent 176 yards for the Content of the Partitions: | 
Note 1, It there be any Doors, Windows, or the like in your Partitioning, you 

muſt make deduCtion tor them. 

Note 2, When you meaſure rendring upon brick Walls, you are to make no De- 
duttions, but when you mecalurc rendring between Quarters, you may very well 
ddutt one tiſth part for the Quarters, Braces and Enterceices. 

Nete 3. That Whitning and Colouring are both meaſured by the yard, as the 
Ceiling and Rendring were; and as in Rendring berween Quarters you deducted 


one fifth part, ſo in Whiting and Colouring you muſt add one fourth or fifth part 
a the leaſt, 0 


—C 


An 4P PENDIX. 


Of the Joyners Works. w2 yr 


Joyners do meaſure their Work by the Yard Square or g Foot; bur in the taking 
of their Dimenſions they differ, tor the Joyners have a Cuſtom, and ſay, Fe ought 
to meaſure where our Plane touches. W heretore, in the taking ot the height of an 
Room, where there is a Cornice abour, and ſwelling Pannels and Moldings dowr- 
wards, they uſe, with a 1 ine to gitt over every Member of the Cornice, and Swe]- 
lings of the Pannels and Moldings, which will make the Room much higher thna 
itis: Then for mcaſuring about the Room they only take ir as it is upon the Floor 

Example 1. 1f a Room cf Iainſcot ( being girt downwards ) ds contain in height | 5 foot, 

Inches, and be in compaſs about 286 foot, How wany yards doth that Room contain ? © © © ? 

Multiply 286 foor by 15.58 foot, the Produtt will be 4456, which divided by g 
giveth in the 5 age 495 yards, and 1 foor, for the content of the Room in yaras. 

In Joyners Work there 1s another ching to be obſerved, that is in the meaturing 
of Doors, Window-ſhutters, Cupboard-doors and Drawers, and fuch like, as are 
wrought on both ſides; for theſe, they account to be paid for Work and half 
Work; for indeed the Work is (though not half, yet ) more, although the Stuff 
be the ſame. 

Example 2. Let the Window Shutters about a Reom be 78 foot 4 Inches, and the height of 
them 6 foot 6 Inches, How many yards are contained in theſe Shutters, at Work and half. 

Multiply 78.33 toot, dy 6.5 foot, the Produtt will be 50514, the half whereof is 
254-57, Which added ro 509.14, the Summ is 763.71 ( or 764 ) which divided by g 
the Quotient is B5 yards fere, tor the Content at Work and half Work, y 

Nete, That you are to make DeduQtions for a'l Window Lights, but you muſt 
mealure the Mlaiow-borrds, the Sophera-boards and Checks by themſelves. 


Of the Painters Works. | 
The taking of the Dimenſions for the Painters Works ts the ſame as that for the 
| Joyners, by oi wa of the Moldings, &c. And ir is but reaſon that they ſhould be 
paid for that upon which their Time and Colours are both expended. The Dimen- 
tions thus taken, the caſting up, and reducing the Feer into Yards, is altogether the 
ſame as that of the Plaiſters and Joyners : but che Paii ter never acquires Work and 
half Work, bur reckons his Work Once, Twice or Thrice Primed, or Coloured 
over : Ineed give no Examples hereof, the toregoing being ſufficient; Only take 
notice, that'Window Lights, Window Bars, Caſcmeats, and ſuch like things, they 
do them by the number at ſo much per Picce. 


Of the Glaiſters IWorks. 


Glaſicrs do meaſure their Work by the Foot Square; ſothatthe len gth and breadth 
being mulriplyed into cach other, produceth the quantity of that Pain of Glaſs. 

Example, If a Pain of Gl:ſs be 4 foot g Inches long, and 3 foot 3 Inches broad, How ma- 
xy us of Glaſs is contained in that Pain ? 

tulriply 475 foot by 3.25 foot, the Produtt will be 15.44 foot, that is 15 foot 
4 Inches and a quarter, and fo many foot is contained in that Plain. 

Note, That when Windows have half rounds at the top, they meaſure them at 
"the full erg as if they were {quarc. Alſo Ronnd or Oyal Windows are mcafured 
at the full length and breadth of their Diametres. Likewiſe Crocket Windows in 
Stone-work arc all mcaſured by their full Squares : And there is reaſon for ſo doing : 
For the crouble 1n taking their Dimenſions ro work by, the waſte of Glaſs in worK- 
ing, and the time expended in ſetting up, is far more than the Glaſs can be valued art, 


Of the Maſons Works. 


Maſons do meaſure all their Works by the Foot, cither Superficial or Solid; and 
thereforc I need give no Examples in their Works, for the Rules before delivered in 
Lib. 2. Part x hereof, for the meaſuring of Superfticies and Solids, arc ſufficient to 

$6 bog) any Work done by the Man in any caſe commenſurable; And therefore 


- 


wil give over Mcaſuring for this time. 


FINIS. 


* þ ns Go Ae 
G | 5 - 


CHILI1AS I 


A 
TRIANGULAR 


C A Nez 
Logarithmical: 


CONTAINING 


The LOGARITHMS of all abſolute Numbers, 


from a Unite to 1x 0000. 


And of Artificial 


SINES and T ANGENT'S 
To every Degree and Minute of the Quadram : 


WITH THEIR 


Complements ARITHMETICAL. | 


— —— 


The Common Radius 10.0000000. | 


N. Log. N. Log. | N. Log. | N. | Lops N. | Log | 
1 | 0.c000000 21 | 1.3222193 41 | 1.6127838 61 | 1.7853298 81 | 1.90848 50 
2 | 0.3010300 22 | 103424227 42 | 16232493 62 | 1.7923917 82 | 1.9138138 þ 
3 | 044771212 23 | 1.3617278 43 | 1-£334584 63 | 1.7993405s 83 | 1.919091 | 
4 | 0.6020600 24 | 1.3802112 44 | 16434527 64 | 1.8:61800 84 | 1.9242793 | 
s | 0.69899c0 25 | 1.3979400 45 | 1-6532125 65 | 1.8129133 85 | 1.9294189 | 
6 | 0.7781512 .25 | 144149733 45 | 1.6627578 | | 65 | 18195439 86 | 1:9344984 | 
7 | o.8450g980 27 | 1.4313638 47 | 16720978 67 | 148260948 87 | 1.9395192 | 
8 | 0.9030900 28 | 1.4471580 48 | 1.5812412 68 | 18325089 88 | 1.9444927 | 
9 | 049542425 29 | 1.4623580 49 | 1-6gorg61 69 | 1.8388491 89 | 1:9493900 - 
10 | 1.0000000 30 | 1.4771212 50 | 1.6989700 70 | 18450980 | | go | 1:9542425 | \ 
11 | 1,0413927 31 | 14513517 $I | 17075702 71 | 1.8512583 ST | 1-9590414 | 
12 | 1,0791812 32 | I»$051500 52 | 1,7160033 72 | 1.8573325 - 92 | 1.9639898 | 
I3 | 1.1139433 33 | 1-5185139 53 | 1-7242759 73 | 1.8633229 93 | 1-9584829 | 
14 , 1.1461285 34 | 1-5314789 $4 | 197323937 74 | 1.8692317 94 | 1-9731278 
Is | 1.1750g12 35 1.5 440680 5$ | 17493627 75 | 1.8750613 Ss | 1-97797236 | 
16 | 1,2041200 35 | 1.5563025 56 | 1.748180 76 | 1.8808136 95 | 1-9822712 
17 | 1.2304489 .37 | 1.5682017 57 | 17558748 77 | 188645c7 | 97 | 1-9867717 
18 | 1.2552725 38 | 1-5797835 53 | 1-7634280 78 | 1.8920945 $8 | 1.9912261 
I9 LOOT 39 | 1-5910646 | | 59 | 1-77c8520 79 | 18976271 99 | 1:9956352 
20 | 1,3010299 | 40 | 1.5020600 60 | 1.7788512| | 80 | 1.5030894 100 |} 20000000 | 
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CHILIAS 1 


2.0904 3213 
2.008 5902 


20123372 


2.0170333 


| 20211593 


2.0253059 
2-0293338 
2+ 1334237 
2.0384255 
20413927 


2.0453230 
2-0492180 
2.0539784 
2,.0559048 
2,.0505978 


| 2.0544530 


2.0581859 
2.0718820 


2-0755470 
2-0791812 


2.03278 54 
2.08535983 
2.3859905g1 
2-0934217 
2.9969100 


2.100370g 
2,1038037 
2.1072100 
2.1105397 
2.1139433 


21172713 
2.1205739 
2.1233516 
2.1271048 
21393338 


2-133532%g 
2.1357206 
2.1399791 
2.1430148 


| 2-1451280 


21522883 


2.1533 350 
2.1533625 


2.161368 > 


2.1643528 
2,1673173 
2.1702517 
2.1781853 
2.1760g12 


2.1789769 
2.1813435 
2.1846914 
2.187 $207 
2,15903317 


2.1931245 


2.1958995 
2-I;86571 
2.2C 13971 

:2C41200 


Ten Chiliads of LocGaR1lTHMS. 


—_—— 


Log. 


2.2053259 
2.209515) 
2.21212875 
2.2143433 
2.2174839 


2.2201031 
2.2227164 
2.2253O09Z 
2.2278857 
2.2304439 


2.2329951 
2.2355284 
2.238046 1 
2:2495492 
2.2439380 
2-2455127 
2-2479733 
2.2594200 
2-2528530 
2.2552725 


2-2576785 
22600714 
2-2624g11 
2.2548 178 
2-2671717 
2.2595129 
2.2718416 
2-2741578 
2.2754518 
2-2787536 
2.2810334 
2.23833012 
2.2855573 
2-23278017 
2.25600345 
2.2922551 
2. 2944562 
2.2c65652 
2.2988531 
2.3019300 
2.3031950 
23053514 
2.32749650 
2-3096302 


2.3H17539 


2.3138672 
23159703 
2.3180633 
2.3201463 
2-3222193 
2.324283 24 
2.3253359 
2.3283755 
2.3304138 
2-3324384 
2-3344537 
2.3354597 
23384555 
2-3404441 
2-3424227 


Log. 


2.3443923 
2.345353- 
2-3483049 
2.3502480 
'2.3521825 


— 


2-3541034 
2.3560258 
243579348 
2.359835 
2.351727 


2.3535129 
23554880 
2-3573559 
2.36921 58 
2.3710679g 
2.3729120 
2.3747483 
2.375 5759 
2.3783979 
2.3802112 


2.3320170 
2.3838154 
2.38 55c63 
2.38738g8 
2-3891661 


| 243509351 


2.39 26569 
23944517 
2.3961993 
2.39 79400 


— — 


2.3996737 
2.4931205g 
2.4048337 


2-4299331 
2-4116197 
2.4132998 
2-4149733 
Wart: 
2.4165405 
2.4183013 
2.4199557 
2.4216039 
2-4232459 
2.4248316 
2.4205113 
2.4281348 
2.4297523 
2.4313638 


2+4325693 
2-4345989 
2.4351525 


| 2-4377 506 


2.4393327 


2.440509g1 
24424758 
2+4442448 
2.4455042 
2.4471 580 


| 


GC 


Log, 
2.4487053 
2-45"2491 
2-4517854 
2.4933183 
24543449 


2.4 553560 
2-4578819 


2.4593925$ 
2.4508978 


| 2.4523980 


em 


2.4538930 
2.4553828 
2.4558576 
2.4583473 
2.4598 220 
2:4712917 
2 4727564 
24742163 
2.4755712 
2.4771212 


2.4785655 
2.480005g 
2.4814425 
2-484 2998 


2-4357214 
2:4871384 
2.4885507 
2.4899585 
2.4913917 


2.4927504 
2.4941546 
24955443 
2.4959256 
2-4983105 


2.$0IC5g93 
2.5024271 


2.503707 | 


2.5051500 


2.5065050 
2.50785 59 
2.5992025 
2.51054 50 
25118834 


2.5132176 
2-5145477 
2.5158738 
2-$I7I959 
2.5185139 


2.5158280 
2.5211381 
2,$224442 


2.5237455 


2.5250448 


2.5263353 
2.5276299 
2.5289167 
2+5301997 
2.5314789 


245477747 


Log, 


2-3327544 | 
2.5340261 
2-5352g41 
2:5365584 
2.5378191 
—— 
2.5350761 
2+5403295 
2:-5415792 
2-5428254 
2.544689 


2-5453071 
2.545 5427 


2.549033 
2-5502283 
2+5$14500 
2.5526682 
2-5538830 
2.5550944 | 
25563025 


2+557 5072 
2-5537086 
255 599066 
2-5611014 
2.5622929 


2.5634811 
2.5646561 
2.3558478] 
2.5670264 
2. 5682017 


2. 5693739 
2. 5705429 
2.5717088 
2.5728716 
2.5740313 


2.5751878 
2.5753413 
2.5774918 
2,5786392 : 
2.3797835 


2.5809250 
2.5320634 | 
2.5831988 
2.5843312 
2.585 4507 


2,586 5873 
2.5877110 
2.5888317 
2.5899455 
2.5910645 


2.5921767 
2.5932861 
25943925 
2.5954962 
2.565971 
2.5976952 
2.5987905 
2.5998831 
2,6009729 
2.602c6c0 


491 


CHILIAS TL 


——_——C 


——— a. ae] 


CEP—_ 


wu. 4. 4A. A. A nded = 


—— 


w_ 


__ 


Ten Chiliads of LoGar1THMS. 
N. Log. | N. d Log. N. Log. \ N., Log, | N. Log. 
gol | 26031444 4651 | 2.6637009 521 | 27168377 581 | 2.7541761 | | 641 | 2-38068580 
402 | 2-5042260 462 | 2.6545420 522 | 2-717570g 582 | 2.7649230 642 | 2.8075z35c 
403 | 2-6953050 453 | 2-6655810 523 | 2-7185017 583 | 2-7655585 643 | 2.3082110 
404 | 26053814 464 | 2-6665180 $24 | 27193313 584 | 2.7664128 644 | 2-8088859 
| 40s | 2:6074550 465 | 2:-6574529 $25 | 27201593 585 | 2.7671559 645 | 2-809g597 
406 | 2.608 5260 456 | 2.6683859 526 | 2-7209857 | {| 586 | 2.7678996 646 | 2.8102325 
407 | 2:-6098944 467 | 2-6693169 527 | 2-7218106 $587 | 2.7686381 | 647 | 2-8109043 
408 | 2-6106602 468 | 2.5702458 528 | 2-7226339 $588 | 2.7693773 648 | 2.8115750 
409 | 2-6119233 469 | 2.5711728 $29 | 2:-7234557 585 | 2-7701153 649 | 2-8122447 
| 410 | 26129838 470 | 2-6720978 $30 | 2-7242759 $90 | 2.7708520 650 | 2.8129133 
411 | 2-6138418 471 | 25730209 $31 | 2-7250945 $91 | 2-7715875 651 | 2-8135816 
412 | 2-6148972 472 | 2-56739420 $32 | 2-7259146 $92 | 2.79723217 652 | 2-8142496 
413 | 2-6159g00 473 | 26748611 $33 | 297267272 $93 | 2-77 39547 653 | 28149132 
414 | 2.6170003 | | 474 | 25757783 $34 | 2-7275412 | | 594 | 2.7737864 654 | 2-8155777 
41s | 2.6180481 475 | 2-6766936 $35 | 2.7283538 $9s | 2-7745170 65s aan 
416 | 2-6190933 476 2.6776069 $36 2.7291643 $96 27752462 6g6 | 2.8169038 
417 | 2-6201360 477 | 2-5785184 $37 | 27299743 $97 | 2:7759743 657 | 28175654 
418 | 2-621 2763 478 | 26794279 533 | 2.7307823 $98 | 2.976712 658 | 2-8182259 
419 | 2-6222140 479 | 2-6803355 $39 | 2-7315888 $99 } 2.7774268 ogg | 2.8188854 
420 | 2-6232493 480 | 2-6812412 $40 | 27323937 600 STOLE: 660 28195459 
421 | 2.6242821 481 | 2-5821451 $42 | 247331973 603 | 2.7788745 661 | 2.8202014 
422 | 2.6253124 482 | 2-6830470 542 | 2.733993 602 | 2.779596 662 | 2-8208580 
423 | 2-5263404 483 | 2-56839471 543 | 2+7347998 603 | 2.7803193 663 28215135 
424 | 2-6293658 484 | 2-5848454 544 | 2+7355989 60g | 2-7810369 664 | 2.8221681 
425 | 2.6283889 48s | 46957417 545 | 2-7363965 6og | 27817554 66g | 28228216 
426 | 2.6294096 486 | 2-6866363 $465 | 2-7371926 606 | 2.7824726 665 | 2-8234742 
| 427 | 2.6304279 487 | 2-63875250 $47 | 2-7379873 | | 607 | 27831887 667 | 2.8241258] 
428 | 2.6314438 488 | 2-6854198 $48 | 2.738780s 608 | 2.7835036 668 | 2-844776s 
429 | 26324573 489 | 2-5893088 | } $49 | 2-7395723 609 wo—_— 669 | 28254261 
430 | 2.633453, 490 | 2-6901961 550 | 2-7403627 610| 278532 ' ' 670 | 28260948 | 
| 431 | 2-634477 491 | 2-6910815 | | $51 [27411516 611 | 2.9860412 | | 671 | 2.8267225 
433 dp vl 492 | 2-6919651 $$2 | 27419391 612 þ 2.7867914 | | 672 | 2.8273693 
433 | 2.6364879 493 | 2-5528469 $$3 | 2:7427251 613 f 2.787450g 673 | 2.82801t51t 
434 | 2:6374897 494 | 2-6937269 $54 | 2-7435098 | f $14 | 2-7881684 674 | 2-8286599 
435 | 2-6384892 495 | 2-6946052 $55 | 27442930 615 | 2.7888751 | | 675 |2.829goz8} 
-436 495| 26 $4817 556 2.74 50748 616 27895807 676 | 2-829946 
6 | 2-639486 496 | 2-69 67 
-_ Pp 497 | 2-6963564 $57 | 2-7458552 617 | 2-7902852 þ | 677 | 28305887 
438 | 2-6414741 498 | 26972293 $58 | 27466342 618 | 2.79cgo885 678 | 28312297 
439 | 26424645 499 | 2-698 1005 $$9 | 247474118 619 | 2.9916906 679 | 2.83186g8 
440 | 2:6434527 $00 | 2-6989700 $60 | 2.7481880 620 — 680 | 2.8325089 
441 | 2.5444386 501 | 26998377 561 | 2.7489629 621 | 2.7530916 681 | 2:8931474 | 
442 PP #+ 502 | 27007037 $62 | 2.7497363 622 | 2.7937904 681. 13437844 | 
443 | 2.6454037 503 | 2-701 5689 $63 | 2-7505084 623 | 2.7944880 | | 683| 28344209 
444 | 2-6473830 504 | 27024305 $64 | 2-7512791- 624 | 2.7951846 | | 684 | 2.835bg61 
445 | 26483600 50s | 2-7032914 565 | 2-7500484 625 | 2-7958800 685 | 2-8356g06 
OE — W— } —_— —c — 
446 | 2-6493348 $06 | 2.704150s $66 | 2.7528164 626 | 2.7965743 686 | 2.8363241 
447 nya $07 |} 2-7050079 567 } 2.7535830 627 f 2.797267g 689 | 2.8 ol 
448 | 2.6412980 | | 598 | 2-7058637 568 | 2.7543483 | | ©28| 2.7979596 | | 688 837208, 
449 | 2.6522463 509 | 2.7067178 $69 | 2.7551123 629 | 2-7986506 | 689 | 2.8382192 
'- 450 | 26532125 $IO | 2-7075702 570 | 2.7558748 630 2.799340s | | 650 2.8382491 | 
g1 | 2.654196 SII | 2.7084209 $71 | 2-7 566361 631 | 28000293 691 | 2-8394780 
_ CIT $12 | 27092700 $72 | 27573960 632 þ 2.8007171 692 05 ary 
453 | 2-6560982 513 | 2-7101174 573 | 2-7581546 | | 633 | 2.8014037 : | 693 | 2-8407332 
454 | 26570558 $14 | 27109631 574 | 2-7589119 | 634 | 28020892 694 | £.8413595 
| 455 | 2.6580114 51s | 2-7118072 $75 | 2.7596678 635 | 2.8027737 | | 695 | 28419848 
| 456 | 2-6589648 516 | 2.9126497 $76 | 2.960425 636 \ 2.8034571 | 696 | 2.8426092þ 
457 | 2:-6599162 $17 | 2.713499$ $77 | 2-7611798 637 | 2-8041394 | | 697 | 2.8432328 
458 | 26608655 518 | 2.7143297 $78 | 2.7619278 638 | 2.8048207 | | 658 | 2.84385 54 
459 | 2-6618127 SI9 ER $79 | 2-7626786 639 | 2.$055co8 | | 6gp |2.8444772 
| 450 | 26527578 $20 | 2,7160033 | | $80 2.7634280 640 3.8061800 | | 700 | 2.8450580 
= az 
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CHILIAS IT. 


"OR 


Ten Chiliads of Locar1THMS. 


Log. | 


2.8457180 
2.8453371 
2.846953 


28475726 
2.8431891 


| 2.8488047 


2.8494194 
2.85003z32 
2.8 506 462 
2.8512583 


2.8 s I 8696 
2.8524800 
2.8 530895 
2.8536982 
2.8 543060 


2-9549130 
28555191 
2.8561244 
2.8567299 
2-8573325 


2.8579353 
2-8585372 
2.8591383 
2.8597386 


2.8503380 | 


2-8609366 
2.8615344 
2-8621314 
2.8627275 


2.8633229 


28639174 
2.8645101 
2.8651040 
2.86 56960 
2.866287z 


2.8668778 
2.8574675 
2.8680 564 
2.8586 444 
2.8692317 


2-8698182 
2.8704039 
28709838 
2-8715729 
2-8921563 


2.8729388 
2.8733206 
2.8739016 
2.8744818 
2-8750613 


2-87 56399 
2-8762178 


28767950 |. 


2.8773713 
2-8779469 


2.8785218 
2.8790959 
2-8756692 
2.8802418 
.2.8808136 


= 


2.8813846 
28819550 
2.8825245 


2.8830933 
2.88 36614 


2.8842288 


28847954 


2.83 53612 
2.8859263 
2.8864907 
2-8870544 
2.8376173 
2.8838179g 
2.8887410 
2.8893017 


2.8398617 


2-8909796 
2-8915374 
2-8920946 


2.8926510 
2.8932057 
2.8937618 
2.894316 
2.8948596 


2.8954225 
2.89 59747 
2.8965262 
2.8970770 
2.8976271 


2.8581765 
2.8987252 
2.8992732 
2.8998205 
2.9003671 


2-9009131 
2-59014583 
2-9020029 
2.9025468 
2.90 30900 


| 2-9036325 


2.90417 44 
2-9047155 
2-9052560 
2-9057959 


2-9063350 
2-90687 35 
2-90741 I4 
2.907948 5 
2.90848 50 


2.9050268 
2.9095560 
2.9106244 
es 
2-91169g01 
2.9122220 
2-9127533 
2.9132835 
2-9138138 


_ 


Log. 
2-914 343! 
2.9148718 
2.91 53998 
2.9159272 
2-9164539 


- 
————— 


2-9169800 
2.9175055 
2.9180303 
2-9185545 


2.9190781 


2.9196010 
2.9201233 
2-9206450 
29211660 
2-9216865 


2.9222063 
2-9227254 
2-9232440 
2-9237920 
2-9242793 


2:9247960 
2-9253121 
2.9253276 
2-9263424 
2.9268 $67 
2.927 3704 
2-9278834 
2.9283958 
2.9289077 
2.9294189 


2.9299296 
2-9304396 
29309490 
2-9314579 
2.931966! 


2.9324738 
2-9329808 
2-9334873 
29339932 
2:9344984 


2.9350031 


2:9355073 
2.9360108 


2-936 5137 


2-9370161 


2-9375179 
2-9380191 
2-9385197 
29390198 
2-939$192 
2-9400181 
2-9405 16 $ 
2-9410142 
2-5415114 
2-94 20080 


2.9425041 
2.9429996 


8 | 29434945 
2.9439889 , 


2-5444827 


| 


N. 


Log. 


2.94497 59 
2-9454686 
2-94 59607 
2.9464 523 
2-9459433 
2-9474337 
2.9479236 
2-9484139 
2.9489018 
2-94 93900 


2-9498777 
2-9503648 


| 2-9508514 


2.9513375 
2.9518230 


ED ror nn——————_ ———_ 


'2.9523080 


2.9527924 
2.9532763 
2.9537597 
2-9542425 
2-9547248 
2.955205 5 
2-9555377 
2-9561684 
2-9566486 


2-9571282 
2-9576073 
2.95808 58 
29585639 
2.0 590414 


2-95595184 
2-9599943 
2.9504708 
2.9609452 
2.9614211 


——————— 


| 2-561895g 


2-9623693 
2-95 28427 
29633155 
2.9637878 


2.9642595 
2.9647309 
2.9652017 
2.9656720 
2.9661417 


29666110 
2.9670797 
2.967 5480 
2.9680157 
2.9684829 


2-9689497 
2-9694159 
2-9698815 
2 9703469 
2.9708116 
2.9712758 
2.9717396 
2-97 22028 
2.9726656 
2.56731278 


| 2-9831751 


Log. 
2-9735896 
2.9740509 
2-974$117 
2.9749720 


2-97 54318 |. 


29758911 
2.9763 500 
2.9768083 | 
2-977 2662 
2-9777235 
2-978 180g 
2.9786369 
2-9790929 
2.9795484 
2.9800034 
2-9804579 
2 980gr1g 
2.9818186 
29822712 


2.9821234 


2.98 36263 
2-98 40770 
2-9845273 
2-9849771- 
ag854265 
2-98 58753 
2.9863238 
2.9869717 


2.9872192 
2.93896663 
2.98381128 
2.9885 589 


2-9890046 |. 


2-985 4498 
2-9898946 
2-9903388 
2.9907827 
2.9912261 


2-9916690 | 


2.9921115 
2-9925535 
2-9 9299591 
2-9934362 


2.9938769 
2:9943171 
2.9947 569 
2-9951963 
2.9956353 


2.9g60736 
2.9965117 þ 
2-9969492 


J 
2:9573864 | 


2.9978231 
2.99382593 
2-9986951 
2-9991305$ 
2-9995655 
3-0000COO 


s 


þ 


, 


— —_— 


TEIs 


ICCF 


CHILIAS 11 


Ten Chiliads of LoGaritHhms. 


Log. 


3-0004341 
3.00086 77 
3.0013009 
3-0017337 
3-0021661 


3-0025980 
$-0030293 
3-003460F5 
3.0038 f2 
3-0043214 


$-0047$S12 
3-005180g 
3-0055094 
3-0060379 


3-0064660 | 


| S0R——_t——nmnce mare: 


3-00638937 


3-0073209 | 


3-0077478 
3.0081742 
3.0086002 


3-0090257 
3-0094509 


3-0098756 | 


3-2102999 
3-0107239 


3-0111474 
3-0115704 
3-0119931 
3-0I24154 
3-0128372 


3-0132587 
3-0136797 
3.0141003 
3-0145205 
3-0149403 


3-0153597 
3-0157787 
3-0161973 
Z-0166155 


3-017033Z 


$-0174507 
3-0178677 
3-0132843 
3-018700g 
3-0191163 
$-OI9g317 
3-0199467 
3-0203613 


3-0207755 
3-0211893 


3-0216027 
3-0220157 
3-0224284 
3-0228406 
3-0232524 
3-0236639 
3.0240750 
3-0244857 
3.0248 560 
3-0253059 


Log. 


3-0257154 
3-0261245 
3-026 5333 
3-0269416 
3-0273495 
$+0277572 
3.028 1644 
3-02%g712 
3-0289777 
3-02938 33 
— — 
3-0297895 
3-03019483 
3-230 $997 
3-0310043 

3-0314085 


3-0318123 
3-0322157 
3.0326188 
3-0330214 
3-2334237 


3-0338257 
3-0342273 


3-0346284 | 
| 3-0350293 
| $-03 54297 


' 3-035? 298 
| 3-0362295 


3-0366289 
3-0370279 
3-2374265 


3-0378247 
3-038 2226 
3-0386202 
3-0390173 
30394141 


3-0398105g 
3.0402066 


i 3-040602 3 


$-0499977 
3-0413927 


3-0417873 
30421816 
3-0425755 
3-0429691 
3-04336 23 


3-2437551 
3-0441476 
3-0445398 
3-0449315 


| 3-0453230 


3-0457140 
3-0461048 
3-0464952 
3-0463852 
30472749 


3-047664.2 
3-0480532 
3-0484418 
3.0488301 
3-0492180 


3-09718820 


Log. | 


3-049605g6 
3-0499528 
3-2503797 
3-0507663 
3-05I1525 
3.0515384 
3-2$19239 
3-25230g1 
3-9526939 
3-0539784 


3-2534626 
3-0539454 
3-0542299 
3-0545130 
3-25499$9 


3-0553783 
3-2557605 
3-256 1422 
3-256 5237 
3-056g048 


3-0572356 
3-0576661 
3-0580462 
3-0584260 
3-05880gg 


3-0591346 
3-0595634 
3-0599419 
3-0603200 
3-0606978 


3-0610753 
3-0614525 
3-<618293 
Z-0622058 
3-0625820 


3-0629578 
3-0633333 
3-063708g 
$000 
3-<644580 


3-0648322, 
3-0652061 - 
3-02655797 
3-0659530 
3-0663259 


3-0666g85 
3.0670708 
3-0674428 
3-0678 145 
3.068 18 $9 


3e0685569 
30689276 
3-0692980 
3-0696681 
30700379 


3-0704073 
3-070776g 
3-0711453 
3-0715138 


Log: 


3-0722499 
3-0725175g 
3-0729847 
3-0733517 
3-0737183 


3-0746847 
3-0744107 | 
3-0748 164 
3-0751818 


3-0755470 


3-0759118 

3-0752762 

3-9765404 
30770043 , 
3-0773679 ; 
: 
30777312 
3-0780g41 | 
3-078 4568 | 
3-0788 192 
3-0791812. 


+»079904gS ; 
3-0802656 
3-0806a6s 


3-48098750. 
3-08 13473 | 


3-0831441- 
>0835026 
30838608 
3-0842187 
3-0845763 


3e-845336 
3.c8 52506 
3-08 $6473 
3.0860037, 
3.085398 


3-0867157 
3-0870712 
3-0874264 
3-08778 14 
3.088 1361 


3-088 4505 
3-0888446. 
3-0891984 
3-08g5g19 
3089g0gs1 


3-0502580 
3-9906 107 
3-0909631 


3-09I3151 | 


3-0916669g 


3-0g2018 5g 
3-0923697 
3-0927206 
3-0930712 


3-0934217 


— 
% 
» 


Log. 
3-9937718 
3-0941216 
3-0944711 
3-0949204 
30951693 


3-0955180 
3-0958664 
3-2962146 
3-096 5624 
3-0569100 


3-0972573 
3-0976043 
3-09795LL, 
3-098297 5, 
3-0986437, 

Zeog8g8g6 
300993353 
3-0p96806 


— — 
3-10071g1, 
3-10105g3! 
3-1914033! 
3-1017471' 
I Geka, 


| 3:1024337 


31041455 
3-1044871 
3-I048 284 
3-I051694 | 
Z-IO55;102 


344058507 
DH 
Z-l005308. 
3-l068705 
3-1072100 


3elO7g549gk 
3-1078880 
3-1082266 
3-I108go0z31 


3-1092410 | 
31095785 
3-10991 59 
3-1102529 
3-1105899 


31109262 
3-1112625 
31115985 
3-I1119343 
3-1122698 


3-1126050 
3-1129400 
3-1132746 
3-11360g1 


—_————— 


3-1139433 


li 


_) 


4 


-  — 


CHILIAS II, 


Ten Chiliads of LoGcAakliTHMS. 


—_— 


— b 
% © 


. —_— 
- 


—_ 


POTENT © - S 
Nz : Tha N. | Log. N. Log. N. Log, N, Log, 
1301 | 341142773 1351 | 3-1338581 1421 | 3-152594! 1481 | 3-1705550 1541 | 3.1898026 
1702 | 3:1145110 1362 | 3-1341771 1422 | 3.1528596 1482 | 3.1708482 1541 | 3.1880844 
1203 | 3-1149444 | | 1353 | 3-1344958 | | 1423 | 3-1532049 | | 1463 | 3-17114tr | | 1543 | 31883659. 
1304 | 31152776 1354 | 3-1349144 1424 | 3.-1535100 1434 | 3-1714339 1544 | 3-1826473 
1305 | 4-1156105 1355 | 31351326 1425 | 3.1538149 1485 | 3-1717264 I545 | 31889285 
. w— —— emn__ }  ——_ — ; —— 
1326 31150432 1356 3.-1354507 1426 3.1541195 1485 3-1720188 1546 3-18920g9g 
1307 | 3.1152756 1357 | 3-1357685 1427 | 3-1544240 1487 | 3-1723110 1547 | 3-l1894903 
1308 1 7:4166077 1358 | 3-1350861 | | 1428 | 3.1547282 1488 | 3.1726029 | | 1548 | 3.189770g 
130s | 3-1169356 | | 1369 | 3-1354034 | | 1439 | 3-1550322 1489 | 3-1728947 1549 | 3-I9cogr4 
1310 | $-1172713 da! 3e1357206 1430 | 3-1553350 1450 | 3-1731853 1550 | 3-19c3317 
131 | 3-1176027. 137r | 31370374 1431 | 3-1555396 1491 | 3-1734775 ISSI | 3.190518 
1372 | 3-1179338 1372 | 3-1373541 1432 | 3-1559430 1492 | 3-1737688 1552 | 3.1go8g17 
#313 | 31182647 | | 1373} 3-1375705 | | 1433 | 3-1552462 1493 | 3-1749558 1553 | 3-I911714 
1374 | 31185954] | 1374 | 3-1379867 1434 | 3-1555491 1494 | 3:1743505 1554 | 3-1914510 
315 | 3-1189257 1375 | 31383027 1435 | 3-1568519 1495 | 3-1745412 IS55 | 3-1917304 

1316" 3-1192959. | 1376. | 3-1386184 1436 | 3:1571544 1496 | 31749316 If55 | 3-1920096 
13t7 | 3aigg858'} 1 1377 | 31389339 1437 | 3-1574568 1497 | 3-1752218 1557 | 3-1922886 
1318 | 3-1199154'!| | 1378 | 3-1392492 1438 '| 3-1579589 1498 | 31755118 1558 | 3-t925574 
13t9 | 3-1202448 1379 | 31395643 | | 1439 | 3-1580608 1499 | 3-1758016 | | 1559 | 3-1928461 
4320 {3:1205739;| {| F380 | 31398791 1440 | 3.158352; 1500 | 3-1750g12 I560 | 3.1931246 

1.2 ih (03: Mia - _ ne Se A 

"$321 a209028 i ;|'1381 | 3-1401937 1441 | 3.1586640 1501 | 3-1763807 1561 | 3.1934029 

1322 | 3-1212314; 1382 | 341495080 1442 | 3-1585653 I502 | 3-1766699 1562 | 3.1936810 

+2322 {31215508 | | 1383 | 3-1498222 1443 | 3-1592563 1503 | 3-1769590 1563 | 3.1939590 
1324 | 351218880: 1384 | 3-1411361 1444 | 3-1595572 1504 | 3-1772478 1554 | 3-1942369 | 
'x325 | 3-[222159 x385 | 3-1414498 5 | 1445 | 3-1598678 I505 | 3el775365 I565 | 3-1945143 
1326 | 31225435] [| 2385 | 3-1417632 | | 1445 | 3-1601683 | | 1506 3-1778250 | | 1555 | 3-1947917 
1327 | '3-2228709\| | 1387 | 3-1420765 | | 2447 | 3-1604685 | | 1507 | 3-1781132 | | 1557 | 3.1950690 
-x328 ['34231981)| 1388 | 3.1423895 1448 | 3.1607686 1508 | 3-1784013 1568 | 3.1953460 
Y329 | 31235250) | :1389 3-1427022 1449 | 3-1610684 1509 | 3-1786392 IS69 | 3.1955229 
1330 |'3:1238516 | 1390 | 3.1430148 | | 1450 | 31613680 Is1o | 3-178976g I570 | 3.I958996 
1331 | 31241780] '| 1391 | 341433271 1451 | 3.1616674 1511 | 3-1792645 1571 | 3.1961962 
1332 |] 31245042: 1392 | 3.1435392 1452 | 341519666 ISI2z | 3-L17955S18 I572 | 3.1964g25 
1333 | 3-1248301' 1393 | 3-I439511 1453 | 31622656 1513 | 3-1798389 1573 | 3-1967287 
1334 | 3-1251558 1394 | 3.1442628 1454 | 3-1625644 I514 | 3-1801259 1574 | 3-1970047 
1335 | 351254813 1395S | 3-1445742' 1455 | 31628630 1515 | 3.18c4126 IS75S | 3.197280g 
1336 | 3258064 | :| 2355] 3.14488 54 1456 | 3.1631614 1516 | 3.1806992 1576 | 3-1975562 
1337 | 31261314 1397 | 3-1451964 1457 | 3-1634595 1517 | 3-i8098g5 1577 | 3-1978317 
1338 | 3-1254561 11398 | 3.1455072 1458 | 3.1637575 1518 | 3.1812718 1578 | 3.1981070 
1339 |/3-1267805 1399 | 3-1458177 1459 | 3.1649553 I519 | 3-I815578 1579 | 3.1983821 
1340 E-22dArt 1400 | 3.145 280 1460 | 3.1643528 1520 | 3-1818436 1580 | 3.1986571 
13421 |3-1274288 1461 | 3.14564381 | | 2461 | 3.1646592 I;21 | 3-1821292 1581 | 3.1989319 
r342 [341277525 1402 |} 3.1467480 1452 | 3.1549474 1522 | 3-1824146 1582 | 3.1992065 
1343 | 341280760 1493 | 3.1470577 1463 | 3.1652443 1523 | 3-1826999 1583 | 3.1994809 
r344 | 3-1283993 1404 | 3.1473571 | | 2454 | 3.1655q11 | | 1524 | 31829850 | | 1584 | 3-1997552 
1345 | 3-1287223 1495 | 3-1476763 1465 3-1558376 1525 | 3-18326g8 1585 | 3.2000293 
F346 | 3-1290450 -1406 | 341479853 1466 | 3.1661340 1525 | 3-1835545 1586 | 3.2003032 
1347 | 3-1293576 | | 1497 | 3+1482941 1457 | 3-1664301 1527 | 31838390 | | 1587 | 3-2005759 
1348 | 31296899 1468 | 3.1486026 1468 | 3.1667260 1528 | 3.1841233 1588 | 3.2008505 
1349 ] 3-13co119 1409 | 3+1489110 145g | 3-1679218 1529 | 31844075 1589 | 3-2011239 
135SO 3-1303338 1410 | 3.14$2191 1470 341673173 1530 3el845914 I$590 | 3-2C13971 
13$1 {'3.1306553 "F411 | 2.1495270 1471 | 3.1676127 1531 | 3-1849752 I591 | 3-2016701 
1352 | 31399767 1412 | 3.1498347 1472 | 3.1679078 1532 | 3-1852588 1592 | 32019439 
1353 | 31312978 1413 | 3.1501422 1473 | 3-1682927 1533 | 3-I855421 1593 | 3-2022158 
1354 31316187 1414 |-3.1504494 1474 | 3-1684975 534 | 3-1858253 1594 | 32024883 
1355 | 3-I3193£3 1415 | 31507554 1475 | 31687920 1535 | 3-1851084, 1595S | 32027007 
1356 | 3e1322597 1416 | 3.1510632 1476 | 3.1690863 1536 | 3.1863$912 1596 | 3.2030325 
1357 | 3-1325798 1417 | 3-15135g8 1477 | 3-1693805 1537 | 3-186673$ 1597 | 3-2933049 
1358 | 3-13:8958 1418 | 3.1516762 | | 1478 | 3.1695744 1538 | 3.1869563 1598 | 3-2:35758 
1359 | $+13321594 1419 | 3-1515824 1479 | 3-1699682 1539 | 31872386 I 599 3-203845 5 
| 1365c | 31335389 1420 | 3.152283 | 1480 3-1702617 | I540 | 3-1875207 1000 | 3,2041200 


160T 


CHILIAS 1T. 


Te Chiliads of LocariThms. 


Log. 
3-2043913 
3-2046925 
3-2049335 
3-205 2044 
3-2054750 


3-2057455 
3-2060159 
3.2052860 
3-2055550 
3-2053 259 


3-20970955 
3-2073550 
3-2076344 
3+20790JZ5 
3-20831725 


3-2084413 
3-2087100 
3-20389785 
3+-2992468 
3.2095150 


3-2097830 
3-2100g08 
3.210318; 
3.2105860 
3-2108534 


3-2111205 
3-2113375 
3-2116544 
3e2119211 
3-2121376 
3-21 24540 
3-2127201 
3-21292962 
3-2132520 
3-2135177 
3-2137833 
3-21404837 
3-2143139 
Ze2145729g 
3-2148438 
3-2151086 
$e2153731 
3-2156375 
3-215$018 
3-2161659 


3e-2164258 
3-2165536 
3-216G572 
3-2172206 
3-2174839 


3-2177471 
3.2180150 
218272 
3-2135355 
3-21875g80 
3.219c603 
4421903225 
3-2195045 
3-21c8464 
3-2201C81 


N. Log. 


1661 3-2203556 
3-22053Z109 
3-22083922 
3-2211533 
3-2214142 


3-2215750 
3-2219355 
3-2221999 
3-2224553 
3e-2227165 
3e-2229754 
3+-2232363 
3-2234959 
3-2237554 
3-2240148 
3-2242740 
32245331 
$-2247919 
3+2250507 
3-2253093 


3-2255577 
3-2258 260 
3-22608q4 1 
| 3+-2263420 
, 3-2265999 


— 

Q 

od 
” ' 


3-2268576 
3-227i151 
3-2273724 
3+2276296 
3-2278867 


3-2231435 
3-22384003 
3-2235569 
3-2289g134 
3-2291557 
3-2294258 
3-2296818 
3-2259377 
g-2301934 
3-23044e9 
$-2307043 
3-2309595S 
3-2312145 
3-2314656 
3-2317244 


3+2319790 
$+2322335 
3-2324079 
3.2327421 
3+-2329561 


3-23325cO 
3-233 5038 
$-2337 £74 
] 3.2340108 
3e234264 1 


3-2345173 
3-2347 703 
3+2350231 
3-2352759 
3-2355284 


Log. 


3-235 780g 
3-2350331 
3-2362853 
3-2365373 
3-2367251 


3-2382971 
5-235 5473 
3-23379965 
3-23904591 
3-2392955 
32395457 
3-2397998 
3-2400458 
3-2492996 
3+ 2425492 
3-24©7928 
3-2410431 
32412974 
3-241546s 
3+2417954 


3+2420442 
3-2422929 
3-2425414 
3-2427898 
3-24303930 


3-2432261 


3-2435341 
3-2437819 
3-2440296 
3-2442771 


3-2445245 
3-2447718 
3-2450189 
3-24525 58 
3+2455127 


3+2457553 
3.246CC59 
3-2462523 
3-2464585 
3-2467447 
3-246$$C7 
3+2472365 
3-2474*23 
3-2477278 
3-2479733 


3e-2492186 
32434637 
3.2497c87 
3-2489535 
3+2451583 


3-2494430 | 


3-2456874 
3-24993Z17 
3-2501759 


3.2404 200 | 


Log. 
3-2806539 
32529077 
3-2511513 
3-2513549 
3-2516332 


3-2518814 
3-2521245 
3-2523575 
3e-2625103 
3-2528 530 
3-2530955 
3+-2533350 
3-2535803 
3-2538224 
3-2540644 


3+2543963Z 
3-254542 0 


3+2552725 


3-2555137 
3-2557 548 
3-2559557 
3+2562355 
3-2554772 


3+2507177 
3.256gg81 
3-2571984 
3-2574385 
3-2575785 


3-2579184 
3-2581522 
3-2583978 
3-2586373 
3-2588766 


3-2591158 
3-2593549 


3-259 5939 


3-2598327 


3-2600714 


Z-250ZOG9 
3.260543 4 
3-25-7367 
3.2610248 
3-2512529 


3.2515008 
3-2617385 
3+2619762 
3-2522137 
3.2624511 


3-2626823 
3-2629255 
3e-2531625 
3-2633$93 
3+2535361 


——_—_ 


3-2638727 
3-2541Og1 
3-2643455 
3-2045817 
3-2648178 


—_— 


— —_—_ 


Log. 
3-2550539 
32552895 
3-2555253 
3. 2657509 
3-25595964 


3.2562317 
3-2564599 
3.255702” 
3.25693655g 
3-2571717 


3-2674054 
3.-2675410 
3-267875.4 
3-2631057 
3-2633435 


685780 
688116 
2650457 


d+ dd 


3 
5 


2 


5 
5 


3-2605129 


3-2697464 
3-2699797 
3-2702 23 
3-2704459 
3-2706788 


3-2709116 
3-2711443 
3-2713769 
3-2716093 
3-27138416 
3-2720738 
3-27230583 
3-2725378 
3-29275c6 
3-2730013 
3-2732328 
3-2734643 


| 3-2736956 


3-2735268 
3-2741578 


3-2743E88 
3-27451c6 
3-2748 503 
3-27 5080 g 
3-2753113 


— __— 


$-27 55417 
3-27 57719 
3-2760020 
3-2762319 
3-2764518 


3-2756g15 
3 2769211 
3-27715c6 
3-27938©0 
3-27 760g 2 


3-2778323 
3-2780673 
3-278256z2 
3.2785250 


3-2787 536 


1501 


, 


3-2692794 | 


i 


CHILIAS 111. 


_ 


"—_— 


Ten Chiliads of LocariTHMsS 


Log. 


3-2785821 
3-2792105 
3-27543838 
3.2796659 
3-2798950 


3-2801225 
3-2803507 
3-2805784 
3-280805g 


3-2810334 | 


3.2812507 
3-2814379 
3-2819150 
3-2819419 
3.2821583 


— 


3-2823955 
3-28 26221 
3-28 28485 
3-2930750 
3.2833012 


3-283 5274 
3-2837534 


3-2835793 
3-28420g1 


3-2844307 


3-2845563 
3-2848817 
3-2851070 
3-2853322 
3-2855573 
3-28 57823 
3-2850071 
3.2852318 
3.226455g 
3-2856810 
Z.286gog53 
32271296 
3-2873538 
3-2275778 
3-2878017 
3-2880255 
3-28824592 
3-2884728 
3-2836963 
3-2885196 


3-2851428 
3-2893655 
3-2855889 
3-2858118 
3+2£ 00346 


$-2902573 


J«2513683 


” <. 
. 


Logs 


3-29247765 
3-2925390 
3. 2929203 
3-2931415 
3-2933525 


3-2535835 
3-29338043 
3:2940-251 
$+2942457 
3-2944552 


342946365 


3-2945953 
3.2951271 
3-2553471 
3-2955971 


3-2957369g 
3.255005 7 
3. 2562253 


| 3-2954458 


3-29555 52 
3+-2971036 
3-2973227 
3-297 $417 


3-297 7605 


3+2979792 


3-2981979 


3-298 4164 
3.2986348 
3-2928 531 


3+2GSC7I3 
3-2992893 
3-25950 73 
3+2997251 


3-2999429 


3-300160g 
3+3003781 
3-3905955 
3.3008128 
3-3910300 


3-3012471 
3+3O014541 
3-30163cg 
3-3012577 


3-3021144 | 


Ee en 


3-3023309 
3+3025474 
3-3927637 
3-3929799 
3-3©<319650 


3-30341:21 
3.3035280 
3-3938438 
3+3040595 
34304-7590 


3-3044905 
33047059 
3-3049211 
3-3251353 
3-3053514 


Log. 


43055553 
3057811 
+3259959 
+3<62105 


343070575 
3.3972825 
3-3274950 


3-3977099 
3-397 9237 
3-32981374 
3-3283509 
3-3985544 


| CORINSY 


3-3287778 
3.3929910 
33952042 
3-3994172 
3-3396302 


3+3258430 
3-3100557 
3-3102684 
3-310480g 


3-3106933 


3-3109055 
3-3111178 
3-3113299 
3-3115419 
3-3117539 


3-3119657 
3-3121773 
3.31238389 
3.3126004 
3.3128118 
3.3 I Z©<231 
Z+JZ 132343 
3-3134454 
3-3136563 
3-3138672 


3.314-780 
3.3142387 
3+3144592 
$+3147057 
$-3149200 


3-3151303 
3-3153405 
3-3155505 
3-3157605 
3-3159703 


343161801 
33153897 
3-3165993 
33168087 
3.3170181 


3-3172273 
343174355 
3-3176455 
3-3178545 
3.3180633 


| 


! 


N. 


Log. 


343 182721 
343134807 
3-3186853 
3-3128977 
3-3191050 
$+3153143 
$+3195224 
3+3197305 
3-3199384 
3-3201453 


3-3203540 
3-32-5517 
3-3207692 
3-3205767 
3-3211840 


3-3213913 
3-3215584 
3-321805g5 
3-3220124 


3-3222193 


3. 3224260 
343226327 
3-3228393 
$+3230457 
3+3232521 
3-3234584 
3+-3235645 
3-3238706 


3+3240766 


33242824 


3-3244882 


3-3245939 
3-3248995 
3-3251050 
3-3253104 


$+3255S197 
3-3257208 
3-3259259 
3-3251309g 


3+-3263359 | 


3-3255407 
3-3257454 
3-3265500 
3+-3271545 
3-3273585 


3-3275533 
3-3277675 
3+3279715 
3.3281757 
3-3283756 


3-328 5834 


3-3287e72 |. 


3-3285g08 
3-3251944 
3+3293979 


3-3296012 
3-325%045 
3-33-0077 
3-3392108 
3-3304138 


Log. 
3-3395167 
3-3308195 
3-3310222 
3-3312248 
3-3314273 
3-3316297 
3-3318320 
3-3320343Z 
3-3322364 
3-3324384 
3-3326404 
3-3328423 
$+3332449 
3-3332457 
3-3334473 


3-3335487 
3-3338501 
3-3349514 
3+-3342526 
3-3344537 
3-3345 548 
3-3348557 
3-335056s 
3-3352572 
33354579 
3-3356534 
33358586 
3-3350593 
3+3362595 
3-3364597 
3-3356 598 
3-3358 598 
3-3370597 
33372595 
3+3374593 


3-2376589 
3-3378584 
3-3380579 
3-3382572 
3-338 4565 


3-3385557 
3-3388547 
3-3399537 
3-3392525 
3-3354514 


' 3-3396501 


3-3358438 
3-3400473 
3-3402458 
33404441 


3-3406424 
33498405 
3-3410385 
3-3412365 
33414345 


3-3419323 
3-34183c0 
3-3420277 
3.3422252 
33424247 


2201 


CHILIAS 11t 


| 


| ; 


4 


| 


þ 


bo 


+» A R I T H M Ss 
Ten Chiliads of Los. 
N. ; Lop. 
—— Log M7 "_ bn —_ Exgrony 875578 
CO —rn—rn—_—_ N. Og. — ] — HeLa 5 2441 | 34875578 
N. , Log. | — : 2321 | 3-355S751 2381 Airy. "94" | 3-38-7455 
oy ee lealeo ors | | 2322 | 3.96;0028 Ln 3377124 | | 2413 533-9235 
2201 | 3-34202 2252 | 3.3544925 rg 3-3650492 2383 | 3-377 _ 2444 | 33301012 
2202 | 3-3429173 2253 | 33545845 $f It 33552361 2384 i440 2445 : 3.4922783 
2203 £64409 2264 | 3.3543754 _ 3-3554229 2385 | 33774884 _— —— 
1303 es | {288 | 2550082 bh og1 | | 2386 |*3-3775704 | | 2446 | 33854568 
2295 | 3+3434+- —_— 2325 | 3-36650g7 2306 OY 2447 | 3-38385340 
_ - 2265 | 3.3552599 2327 | 3-3557964 2387 Eee and 7 2448 | 3-3282114 
2205 | 3-3439955 2267 | 33554515 _—_ 3-355983> | | 2388 } 3.37 55 2449 | 3-383-833 
2297 | 3-3439023 2268 | 3.3555439 _—_ 3-3571695 95.4 $6.44 24509 | 3:3251651 
28 | 3343999 | 1 ne 3-3558345 | | 3329 3-3573559 | | 2350 | 3:3783575 { 3:37» 
2209 | 343441557 2270 | 3.3550258 "uu* ——— 2 $5756 2451 | 3 3933433 
2210 | 3-3443923 | | 227? :1191 | | 2331 3:3675423 || 2391 Fai $3 2452 | 3.33<5205 
4 1 2271 | 3.3552171 2332 | 33577285 2392 mT a 2453 | 3. 3356c75 
2211 324495 : 2272 | 3.3554083 2333 | 33579147 2393 3-3 oo 2454 | 3:3858745 
2212 | 3-3447%5 2273 | 343555994 <a 3-3581008 4,--4-4 Feſbeb4-00np4r 2455S | 3-350c515 
tt Lotte 7 tte. 2335 | 33582869 | | 2395 | 33753055 kd ot ee: 
2214 | 3-345177 2275 | 3-3555814 2335 tea # 654-5 & WG 1263 2455 | 3-3502234 
pai] Le dad | 1 2336 | 3-3584728 | | 2395 Sis $9 2457 | 3-3904051 
EAA FEAR 2458 | 239-5819 
9-499 1 LR aaracgo 2338 | 3-3688445 | || 2398 | 3-3798492 2459 | 3357585 
2217 33457257 2278 3-357 $537 » 9 | 3+-35g90302 2399 $0 DHS 2460 | 3-3909351 
2218 | 3-3459515 2279 | 33577443 _—_— 692158 | | 2400 | 3.3892 — | 
33451573 3 | [2340 | 3-3 ANEANEY 27s . 
2219 | 3434 2280 | 3.357934 802025 2461 | 3-3511115 
2220 | 3-3463539 OO 5342 | 3-2604014 2401 3-3 39 - 2452 | 3-3512880 
2221 | 3 3455485 | | 2281 | 33581253 2342 | 3.3555859 | | 2402 22007238 | ln lo eos an 
2221 deaoat- 2282 33533156 <6 3-3697723 2493 Rik 2464 ! 3-35164c7 
2222 | 3+ 228 +35%5059 : 2675 4404 | 3-399 2 3-3518159 | 
2223 | 93469395 | | ng 33585961 | | 2344 3101428 | | 240g | 3.381119: = | Gent 
2224 | 3-347134 2285 | 3.3588852 2345 — SS 2455 | 3-3915531 
2225 | 3-347 3399 — } — 2246 3-3703280 2406 r_ a 2457 3-3$216g1 
— | 3590962 | 1 23ee 12 IT $3216555 | | 2268 | 32922451 
hw (aaeroara| | 2nd? 3 3594560 | | 2348 | 3-3705581 2409 | 3.371835 | | 2469 | 3302521 
2227 | 3. h 2288 | 4.3594560 -8839 24 ; 392596 
2223 | 3.3479152 289 4548 $00" 2349 phe 2410 | 3 3820170 Py 3:3925909 
2229 | 3.3481101 2290 | 3.3558355 dels — Do 321972 2471 | 3.3528927 
2239 | 3-348 3049 2351 | 3-3712526 mYFE 44 773 2472 | 3-35930425 
2231 | 22482006 | | 2291 | 3.3600251 2352 |3:3714373 | | 2412 3025573 4 | ann 3-3932241 
2231 | 3.348499 2292 | 3,3602145 Toes 3-3716219 2413 —_ 55 3 2474 | 3-3533997 
dl Katt + ml 1 ne 3-3504040 | | 235 3-37 18064 | | 2414 | 33827373 2475 | 3-3935752 
2233 | 3.3488837 2294 | 3.3505934 2354 3-3719509 2415 | 3-382517 Pn 
2238 | 3-3490032] 10s $-3007027 1 | 9395 hs I nathced 2475 | 33537 5s 
2235 | 3-3492775| | ©5275 . Ts 3-3721753 1416 3-30 30909 2477 | 3-3939260 
246 | a al | 2296 | 2.3609719 | | 23 7 | 3-3723599 | | 2417 33834565 | | 2358 33941013 
2236 $9496 2297 | 3.3511610 ot 3-3725438 2416 Ro: 2479 | 3-3942755 
*237 | 3-345<660 2298 | 3.36135<0 | | 335 3-3727279 a009 $edoIge- q 2480 | 3.3544517 
2238 | 3-3458601 2299 | 3-3615350 | | 2359 3-3729120 | | 24420 | 33839154. 0 1 
*239 | 3:35c0541 —__— Rr 1 RS 835945 | | 2481 | 3.3545263 
2240 | 3.3502480 =dogkl Es | 3:373096) 2421 | 3-3 AI 2482 | 33943018 
— | 2301 | 2.2619165 | | 2361 | 3: 4 2422 | 3-384174 43949757 
13 3 343 2362 | 3.3732759 243534 | | 2483 | 3-394 
2241 $-35044 2302 3-3621053 ” 3 3734637 2423 ”n_ 25 2484 3-35951516 
2242 3-3506355 2303 | 35362 2935 Oo 33735475 2424 | 3+3 453 2485 3-35532654 
*243 | 3-3528293 2304 33624825 $9. 3 3538311 | | 2425 | 3-3847117 MITE | 
<4 Chet 2305 "2. +Z6257C 9 Kuki 5* PET, $18508 2485 3+3955S0p 
*245 | 3-3512163 CELE 2366 | 3.3740147 2426 het 2487 | 3.35567 58 
5425 Proms x 2306 3-3528553 67 | 3-3741582 þ | 2427 = 50 - 2488 | 3.3958504 
(2249 | 3-3514057 ML 13630476 7. 13307 -3743817 | 4 2480] 3-3052407 2489 | 3-3550245 
2247 343516: 31 2308 3-3632353 I 5 3745651 | 2429 3:30 54275 2450 3-3561593 
2248 | 33517563 2309 | 3.36342 2399 ye 2430 | 3.3356263 MS 
2250 $3528: 3-3521925/ SE | [= [—om—_ t | 33357849 þ | 2497 | 33555737 
& ' 22> Trang i. Mae ol Bards ne 3-396 5490 
on agar 33637959 | [2370 2752008 2433 | 3-30 59730 2493 3-3957 223 
SEEK 
2 231 354175 I 397070 
2253 $:3527512/ $4%- ates 2374 pike 2435 | 3-3264950 | 7495 $397970s 
2254 3-3529539 23t5s 3-3545510 2575 | 33 HI 255 2496 33572445 | 
2255 | 33531455 2376 | 33758454 | | 2436 Nel 2497 | 3-3574185| 
my I 3-3547385 4 =_ 33760292 | | 2437 tC 2458 | 33975524 | 
225 3*+3 53339 2317 3.3545 250 4h 33752118 | 2438 3.3 eu 2499 3-3977562] 
2257 | 3+3435315 2318 | 3.3651134 237 3 3763944 2439 decir 3 25c0 | 3.357 9400 
29 1 335372000 Le $3530? 1- | ohne} en 2440 | 3-35738s A 
2259 3+-353$102 2320 3-35 54880 2380 ZeZ * 
2260 | 3.3541c84 ola b 


2594 


CHILIAS: 31k 


28c 


I 


* - «Jo 
[| Fen Chiliads of LocarlTHMS. 
| | N. Log. N Log. ets Log. Hh. | 1 N. Log. | 
« F _ — ——— Ws ON ng Es Fore. (2 
4 | 2521 | 3 394137 2551 | 3.4034995 2521 + '3-4154279 2-81 | 34232953 2741 | 3437905 2 
F | 2502 23632373 2592 | 3.4035731 25 22 34185327 2582 | 3-4234528 2742 34320574 þ 
it | 25CZ | 343-8458 2553 | 3.487495 2523 | 3-4187923 83 | 3:4235297 2743 3-4382253 |, 
1 | 2504 | 3-3585343 2564 | 3.4039180 2524 | 34139538 2584 | 3-4237: 25 2744 34383841 
x 2595 | 33988577 2555 | 3-4090374 2925 | 3+4151293 2-85 | 34235443 2743 3-43%5423 
| | 505 | 3 3383211 2556 | 3.4092555 2625 | 34192947 635 | 3-425T 6D 2-45 3-433700g 
4 2507 | 3:391543 | | 2597 | 3.4994259 | | 2527 | 3:4154501 2587 | 3-4292577 247 34388535 
25c$ | 3:3993275 2558 | 3.4995950 2528 | 34190254 2583 | 3.4294293 2748 34350157 
2509. | 33955207 | | 2599 | 3-4957541 2629 | 3-4197509 2585 | 34295508 2749 . 34351747 
2510 | 3-3565937 | | 2570 | 3.4995331 | | 2539 | 34199557 | | 2950 | 3-4297523 | | 2759 34393327 
2511 | 3-3999457 2571 | 3.4101221 2531 | 3-4201208 2>y1 | 34239137 275l 3:43549 6 
2512 | 3-400015G6 2572 3-410271- 2532 3-4222859 2592 3-430-750 2752 3-4335434 
2513 | 3.4-01925 | | 2573 | 34104393 | | 2533 | 3-42-4508 2993 | 3-4392353 2753 , 3-4392062 
2514 | 3-42c3553 2574 | 3.4106085 2534 | 3-4200158 2554 | 3+4393979 2754 , 34328639 
2515 | 3-4925330 | | 2575 | 3.4107972 | | 2535 | 3-4207805 2995 | 3-4395588 2755 | 34491215 
| 2515 | 3.427105 2576 | 3-4109458 2536 3-42-9454 2595 | 3.430 1,9 2755 | $+4402752 
2517 | 3.408832 2577 | 3-4111144 2237 | 3-42110101 2697 3 4308805 2757 | 3-4404358 
2518 | 3.4qo010557 2578 | 3.4112825 2638 | 3-4212748 2098 | 3-431041S 2758 | 3-44-5543 
2519 | 3.4-12232 2579 | 3-4114513 2639 | 3-4214394 2599 | 3+4312029 2759 | 3-4407517 
2520 | 3.4014025 2580 | 3.4115197 2540 | 3-4215035 2700 | 3-4313533 2750 | 3:4409cgl 
a — —— ——— — | _— 
2521 | 3 4015728 2581 | 3-4117880 2541 | 34217684 2701 | 3-4315245 2761 | 344410554 
2522 | 344017451 2582 | 3-4119552 2642 | 3-4219328 2702 | 3-4316853 2762 | 34412237 
2523 | 3.4019172 2583 | 3-4121244 2543 { 3-4229972 | | 2703 | 344318460 2763 | 34413809 
2524 | 3-4020853 2584 | 3-4122925 2644 | 3-4222914 2704 | 34320067 2754 | 3-4415380 
2525 | 34022514 2585 | 3-4124505 2545 | 34224257 705 | 34321573 2765 | 34415951 
2525 | 3.4924333 2586 | 3.4125285 2646 | 3-42253g8 2705 | 3-4323278 2765 | 3:4418522 
2527 | 3.4225052 2587 | 344127964 2547 | 3:4227339 2707 | 34324822 2757 | 3-4420c91 
2523 | 3.4027771 2588 | 44129543 2648 | 3-4229180 2708 | 3-4325487 2768 | 3-4421561 
2529 | 3.4©29488 2589 | 3.4131320 2649 | 3-4230819 2709 | 3-4328090 2769 | 3+4423229 
2530 | 2.4031205 2590 | 3-4132998 2650 | 3+4232459 2710 | 34329693 2770 | 34424798 
2531 | 3.4932021 2591 | 3-4134574 2551 | 3-4234097 2711 | 3:4331295 2771 | 3-4425365 
2532 | 34934537 2592 | 3-4135350 2652 | 344235735 2712 | 3-4332397 2772 | 3-4427532 
2533 | 3.4936352 2593 | 3-4138025 2653 | 3-4237372 2713 | 3-4334498 2773 | 34429459 
2534 | 3-4933<75 2594 | 3-41397co | [-2554 | 3-4235009 2714 | 3:4335-98 774 | 3-4431C64 
2535-| 3-493$780| | 2595 | 3-4141374 -655 | 3-4240545 2715 | 34337598 2775 | 3-4432639 
2535 | 3-4241492 2595 | 344143047 2556 | 34242281 1716 | 3-4339298 2775 | 34434195 
2537 | 3+4©43205 2597 | 3-4144719 2557 | 34243915 2717 | 3-43423g6 2777 | 3+443575$ 
2538 | 3-4244915| | 2598 | 3-4145391 | | 2658 | 3:4245550 2718 |:4342494 PAI 1 0037506 
2539 | 3-4246627 2599 | 3-4148053 2559 | 3+4247183 2719 | 34344992 779 | 3-4438885 
2540 | 3-4948337 2600 | 3-4149733 2560 | 3-4248816 2720 4,3:434558g 2780 | 3-4442449 
I INES — — — — ma - 
2541 | 34750047 2501 | 3-4151403 2651 | 3-4250449 2721 | 34347205 | | 2781 | 3.4442010 
2542 | 3-4951755 25c2 | 34153073 2652 | 3-4252080 2722 | 3-4348881 2782 | 34443571 
2543 | 34953454 2603 | 34154742 2663 | 3-42537.12 2723 | 3-4350476 2783 | 3-4445132 
2<44 | 3-4955161 260g | 3:4155410 255g | 3:4255342 2724 | 3-4352C71 2784 | 3-4445592 
2445 | 3-4<55378 2605 | 24158797 2665 | $-4255972 2725 | 3+4353575 2785 | 3-44438252 
PR IDSER+ « | XII 2 — 
2545 | 3-4958584 2606 | 34159744 2566 |! 34253601 726 | 3-4355258 2786 | 3.4449811 
2547 | 3-426c289 2607 | 3-4161410 2567 | 3-4:60230 2727 | 3-4350B851 2787 | 3-4451370 
2548 | 3.405164 2608 | 3.4163075 2668 | 3-4251858 2728 | 3-4358444 2788 | 3-4452928 
2549 | 3-4<53598 260g | 34154741 2659 | 3-4293485 2729 | 3:4350235 2789 | 34454485; 
2580 | 3-4065402 2610 | 3:41564c 5g 2570 | 3-4295113 2730 | 34351625 2750 | 3-4456042 
2551 | 3-4<67104 2611 | 3-416805g | | 2671 3-42957 39 2731 | 3-4353217 2791 3-4457 598 
2552 | 3+4<628c7 2612 | 3-4155732 2672 | 3-4258364 2732 | 3.4354507 2792 | 34459154 
2553 | 3-4970508 2513 | 34171394 2673 | 3-425558g 2733 | 3-4355396 2793 | 34460705 
2554 | 3407-209 2514 | 3-4173056 2574 | 34271614 2734 | 3:4357585 794 | 34452264 
2555 | 3:4973509 2515 | 3-4174717 2675 | 34273238 2735 | 3:4359573 2795 | 3:4453818 
2555 | 3-4<7 5603 2616 | 3.4175357 2676 | 3-4274861 2736 | 3-4371161 2756 | 3-4455372 
2557 | 3+40773<7 2617 | 3-4178037 2677 | 3:4275454 2737 | 34372748 2797 | 34499925 
2558 | 34-75-05 2618 | 3-4179656 2678 | 3-42781c6 2738 | 344374334 2758 | 3:4458477 | 
2559 | 3-498-70 2619 | 3-4181355 2679 | 34275727 2739 | 3437 59=- 2799 | 3-4470025 
2560 | 3-q<824c0 2620 | 3-4183<13 268p | 3-4281348 2740 | 3443775c6 28c0 13 «4471580 


PI 


C6 H-I L' 1 4 


\ _ 


Ten Chiliads of LocarlTHYsS. 
In NS mem _ 
| N, Log, | N. Lo2. N. | Log N. Log. W9 Log 
| — — MP Is Ve pa j. ——_ —_— 
| 2801 3-4473131 | 2851 | 3.45553173 2921 | 3:4553315 2931 | 3 474352 | 3-41 | 3-43 30:54 
| 2302 3-44749 81 2552 3-45559$5 2922 3+49 528-2 2582 | 3-4745972 | 3:42 | 3-4831592 
233 | 344-5231 | | 2353 | 3.453213 | | 2923 | 34553288 | | 2983 | 3-4745532 | | 3943 | 3-4933-19 
2304 | 3-4477789 2864 | 34455973) 2924 | 3425977 2984 | 3-4747588 3934 | 34934446 
23405 | 3-4479323 2265 | 3-4571245 2,25 | 3-4551255 2585 | 34749443 3-45 | 3-4835873 
2806 | 3 4432877 2866 | 3.4572752 2926 | 34592743 2935 | 3 47508g3 2045 | 3.433" 259 
2307 | 3:4432424 | 2367 | 3.4474277 2527 3-4594227 2987 | 3-47 $2352 3-47 3-43 387 24 
2808 | 3:4433971 |” 3-4575791 | | 2528 | 3-4555710 2988 | 3.475385 3948 | 34340150 
2809 | 3-4435517 | 2859 | 34577305 2929 | 3-4997194 2585 3 4755259 3-49 | 34341574 
2310 | 3-44879263 28709 | 3.4578815 2930 | 3-4558575 2990 | 3.4755712 3050 | 3-4842595 
2811 | 3-4498503 2371 | 3.4585332 2931 | 3-4570158 2591 | 34759154 3051 | 3-4844 422 
2312 | 3-4492153 2872 | 3.4581844 2532 | 3-457 1540 2592 | 3.4755515 3052 | 3-48458.45 
2813 | 3-4451597 2873 | 3:4583356 2933 | 34573121 2593 f 3-4751067 3-53 | 3-4847253 
2314 | 3-449324! 2%74 | 3-4534853 2934 | 3-4974901 2994 | 3-4792518 3-'54 | 3484859: | 
2815 | 3-4454784 2875 | 3-4585378 2535 | 3457581 2995 | 34763958 3955 | 34850112 | 
2815 | 344495325 2856 | 3.45375389 2936 | 3-4577550 2995 | 3-4755418 3036 | 3-4851533 
2817 | 3-4457 368 2577 | 3-4529399 2937 | 34579939 2997 | 3 4756857 3-57 | 3-4852554 | 
2818 | 3-4499410 2878 | 3.4590g98 2933 | 3-4580518 2598 | 34758316 3058 | 2:3854375 
#19 | 3-45-0551 | | 2879 | 34592417 | | 2939 | 3-4581995 | | 2995 | 3-4759755 | | 3-59 | 34855754 | 
20 | 345092491 | | 2880 | 3.4593925 | | 2549 | 3:4533473 3000 | 3.477112 3050 | 3-4857214 
2821 | 3 4504031 2281 | 3-4595432 2941 | 3-4584950 ZoO1 | 3-4772560 3oSt | 3-4852533 | 
2822 oth. 2882 IE 2942 | 3.458547 3902 | 344774107 3<62 | 3-4850052 
2823 | 3-45-7109 2883 | 3-4593445 2943 ( 3-4587503 $093 | 3+4775553 3-63 | 3-4851470 
2824 | 3-4508647 2884 | 34595952 2944 | 3-4585378 | | 3904 | 3 4776989 3064 | 3-4852882 
2325 | 34510184 2885 | 3-4501458 2545 | 34550853 3005 | 34778445 3065 | 3+489430z 
2926 | 3.4511721 2886 | 3.4502963 2946 | 3-4592327 3-06 | 3-477985c 3065 | 3-49565721 | 
2827 | 3.4513258 2887 | 3.4504468 2947 | 3:4953801 3<07 | 3-4781334 3057 | 3-4857138 
2923 | 3.4514794 2888 | 4.4505972 2548 | 3-4995275 3008 | 34782778 3058 | 3-4858553 
2829 | 3.4516329| | 2389 | 3.4507475 2949 | 3-4995748 3009 | 3-4784222 3069 | 3-485995g 
2830 | 3.4517264 | | 2890 | 3.4508993 | | 2959 | 34598220 | | 3010 | 34785565 3070 | 34871384 
2831 | 3.451 2391 | 3.4510431 2951 | 3-4599592 | | 301 | 3-4787107 | | 3071 | 3-4872758 
2832 Cn 2892 - hes 2552 | 3-4701163 3-12 | 3-4788559 3<72 | 3.4874212 | 
2833 | 3.4522456 2893 | 3.451344 2953 | 3-4702534 3013 | 3-4709991 3073 | 3-4875526 
2834 | 3.4523998 2394 | 3.4514585 2954 | 3-4704195 3014 | 34751432 3074 | 34877035 
835 | 3.4525531 2895 | 3.4514485 2955 | 3479557) 3015 | 34752873 3<75 | 3-4878451 | 
—— — — - EAI 122 — — | 
2836 | 3-4527062 2895 | 3.4517585 2955 | 3-4707044 3016 | 3-4794313 3076 | 3-4879853 
2837 | 3-4528593 285? | 3.461543%s5 2957 | 3-4708513 3017 | 3-4795753 3097 | 34881275 
2838 | 3:4530124 2898 | 3.462092 2558 | 3-47099892 3018 | 34797192 3<78 | 74882585 
2839 | 3-4531654 2899 | 3.4522482 2959 | $447 11450 3219 f 3-4798631 3979 | 3-4884* 97 
2840 | 3.4533133 ”- 3-45 23580 2550 | 3-4712517 3020 | 3-480c05g 3<80 | 3.4835507 
2841 | 3-4534712| | 2591 | 3.45254757 | | 2551 | 3-4714354 3021 | 3-4801 507 3081 | 3.4336517 } 
242 4530241 2502 -pHeb-04 2962 | 3-4715850 3022 f 3-48-2945 3<82 | 34883325 
2243 | 3-4537758 | | 2503 | 3.452847 | | 2563 | 344717316 |. | 3923 | 3-4804381 | | 3983 | 3:4889935 
2844 | 3-4539295 2504 | 34525955 2554 | 3-4718782 3024 | 3-4805818 3<84 | 3-4891144 
2845 | 3-4549823 2905 | 23-4531451 2565 | 3-4729247 3025 | 3-4807254 3-85 | 3-4892551 
29465 | 3-4542349 2506 | 34532955 2566 | 3.4721711 3026 | 3.408685 3086 | 3-4893959 
2847 | 345435475 2507 | 3:45434450 2967 | 34723175 3027 | 3-4810124 3<87 | 3-4895356 
2848 | 3.4545400 2508 | 3.4535944 2968 | 3-4724939 3928 | 3.4811559 3088 | 3-4855773 | 
2849 | 3.4545924 | | 2509 | 3-4437437 2565 | 34729102 3929 | 3-4812993 3089 | 3-4858175 
2850 | 3-4543449 | | 2910 | 3.4538530 2570 | 3-4727 554 3030 | 3-4814425 30g0 | 3-48599585 
2851 | 3-4549:72 | | 2911 | 3-4640422 2671 | 3-4729026 | | 3031 | 3.4815855 3091 | 3-4$00gg0 
2352 | 34551495 | | 2912 | 34641514 2572 | 3-4732483 3032 | 3-4817292 3092 | 3-4902395 
2853 | 3-4553018 | | 2913 | 34543405 2573 | 34731949 3033 | 3-4818724 | | 3093 | 3-4503799 þ 
54 |.3-4554542 | | 29'4 | 34544855 2974 | 3-4733410 3034 | 3-4820155 | | 3c94 | 3-4995203 
2855 $45 FFOOng 2915 | 3.45465385 2575 3-4734870 3435 | 3-4821587 30$5 | 34906505 | 
2855 | 34557582 | 25916 | 3.4547875 2975 | 34739329 3036 | 3-4823018 30g6 | 3-450800g 
2857 | 3-4559Ic2 | | 2517 | 3.4549354 297) | 3-4737788 3037 | 3-4824448 3<$7 | 34999412 
2858 | 3.4550522 2918 | 3.46,0853 2578 TI 3038 | 3-4825878 3098 | 3491081, 
2559 | 3.4562141 2919 | 3.4652341 2579 | 344749795 3079 3-48 27307 3099 | 3-4512216 
2860 | 3.4563960 2920 | 3.455 3828 2580 | 34742163 3-40 | 34528736 | 3100 | 3:4$13617 | 
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CHILIAS If. 


Ten Chiliads of LOGARITHMS. 


| 


Log. 


3-4915-13 
3-4015419 
3.4917813 
3-49 19217 
34920615 


3-45 29900 
3-4530395 
349317591 


3-45331265 | 


3-4934580 


34935574 
3-4$37358 
3-4933751 
3 4549154 
3-4941545 


3-4542938 
3-4544329 
34945729 
3-4$47110 
3-4548500 


3-4$49390 
3-4951279 
3-4952667 
3-4954955 
3-4955443 


34956831 
3-4958217 
3-4959604 
3-4960990 
3-4$62375 


3-4963750 
3-4565145 
3:4:66529 
3-4967g13 
3-4565256 


3-457<679 
3-457 2062 
3-457 3444 
3-4974825 
3-4976206 


34977587 
3-4978957 
3-4980347 
34981727 
3-45831c5 


34984434 
3-4985862 
3-4987240 
3-4988617 
3-4989954 


3-4591370 
34992746 
3-4994121 


' 34995455 


3-49$5971 


Log. 
3-4593245 
3 4995519 


3.5202365 
3:5993737 


3-5225109 
3.5906481 
3.50078 52 
3-52-9222 
$-5010593 


3+ 5011992 
3-5013332 
$+52147-1 
3-5-16069 
3-5917437 


3-5918805g 
3-5020172 
3-5921539 
3+5922905 
$+50248271 


3-5925637 
3+-5227002 
3-5928355 
3-$22973O 
3-50ZI094 
3-5032458 
3.5033821 
$-$035183 
3-5935545 
3+5937907 


3-5039268 
3+5049629 
3-5241989 
3+5043349 
$+5244709 


3.5046068 


| 3$+5047426 


3-5048784 
3-5050142 
3-5051500 
3-5052857 
3-5054213 
3-5055565g 
3+5256925 
3-5058280 
3-5059535 
3-505cg89 
3-5952343 
3-5063597 
3-5065050 


— 


3:5066403 


| 3-5067755 


3-5069107 


3-5285544 
3-$287990 
3-5-89335 
3-5050680 
3-5092025 


3-5293395 
3-5294713 
3-59,9057 
3-599740 / 


| $+5995743 


3-5 looogsg 
3+-SIO1I427 
3-5102768 
3-5104109 
Z-5105450 


3-5106799 
3-5108130 
3-5109469 
3-5110808 
3-5112147 


3-5113485 
3-5114823 
3-5115160 
3+-5117997 
3-5118834 
3-5120170 
3-5122841 
3-5124175 
3+5125510 


3-5125844 
3-5128177 
3-5129511 
3-5130844 
3-5132176 
3-$133508 
3-5134839 


| $+5 130171 
| 3+-5137501 


3-5138832 
3-5140162 
3- 5141491 
3-5142820 
3-5144149 
35145477 


3-5145805 
3+5148133 


| 3-5149460 


3-5150787 
Z-SI52115 


3-5153439 
3+5154794 
3-515608g 
$-5157414 
3-5158738 


Log. 


| 3-516 002 


3-5151385 
3-51627v3 
3-5154031 
3-5165354 
3-5165575 
3-5157997 
3:5159318 
3-5170539 
3-5171$59 


3-5173279 
3-5174598 
3-5175917 
3-5177235 
3-5178554 
3-5175872 
3 5181185 
3-5182506 
3-5183823 
3-5185135 
3-5189455 
3-5187770 
3-5189085 
35192400 
3-5IzI7E5S 


3.5193028& 
3-5194342 
3-5195555 
3-5196968 
3-519828c 


3-5199592 
3. 5200903 
3-5202214 
3+5293525 
3-5204835 


3-5206145 


| 3-5 207455 


3-5208764 
3.5210072 
3-5211381 
3-5212689 
3-5213996 
3-5215303 
3-5216610 


3-5217g16 


3-5219222 
3.5220528 
3-5221833 
3-5223125 
3+5224442 


3-5225746 


3.5227050. 


3e-5228353 
3+-5229656 
3-5230958 


3-5232260 


3-5233562 
3-5234853 
3-5235164 
3+5237465 


| 35238755 
| 3-524 054g 
| $-5241364 
{ $-524266Z 


| 3:5251744 


Log. 


— __ 


$:524 3501 
35245259 
3-5245557 
3$-5247854 
$:524z151 
3-5252448 


3-5253940 
3-5254335 
35255930 
3-5255925 
3-525821g 
$+5259513 
3-526-807 
3-5262100 
3-52033-3 
3-52646535 
3-5255977 
3-5257269 
3-5268 560 
35209851 
3+$271141 
3- 5272431 
3+3273721 
3-527 5010 
3- 5276299 
3. 5277587 
3-5278875 
3-5280163 
3-5281451 
3-5282738 


35284024 
3-5285311 
3-5 286596 
3.5287882 
3-5289167 


3-5296869 
3-5298152 
3-5299434 
3.5300716 
3-5301997 
3-5303278 
3-53-4558 
3-5305838 
35307118 


3-5308358 | 


3-5309677 
3-5310955 
3-5312234 
3-531 3512 
35314789 


3401 


A LIGEE 


mY me ITT WY ITO 


CHILIA $6 


—_—— - 
Ten Chiliads of LocarRIiTHms 

N. Log. N. Log, N, Log. N. } Log. N. Log. 
34-1 3.531555 3451 | 3-5392915 3521 | 3+5456590 3581 | 3.554 043 3541 | 3-5512207 
3402 | 3-5317343 3452 | 3-5393271 3522 | 3-5457853 3592 | 3-5541255 3542 | 3:5513399 
3493 | 3-5318519 3493 | 3-5394525 3523 | 3-5429126 3583 | 3-5542458 3543 | 3-5914552 
344 | 3-5519295 3454 | 3-5395779 | | 3524 | 3-5479359 3584 | 3-5543539 3544 | 3-5515774 
3495 | 3-5320171 3455 | 3-5397932 3525 | 3:5471591 3535 | 3-5544891 3545 | 3-55 16975 
3496 | 35322 2445 3455 3-5398285 352S | 3.5472023 3585 | 345545103 3645 | 3-5518167 
3497 | 3-5323721 | | 3457 143-5399536 3527 | 3-5474954 3587 | 3:5547314 3547 | 3-5515358 
3428 | 3-5324995 | 3453 | 3:5490791 3523 3-5475286 3588 | 3.5548524 3548 | 3-5520548 
3409 | 3-5325279 | | 3459 | 3-5495043 3529 | 3-5479516 3589 | 3-5549734 3549 | 3-5521733 
3410 | 3-5327544 | | 3472 | 3*5403295 3530 | 3-5477747 3599 | 3-5559944 3650 | 3-5522529 
3411 | 3:5323817 | 3471 | 35424545 3531 | 3-5478977 3591 | 3-5552154 3651 | 3-5524118 
3412 | 3-5339999 | | 3472 | 35425797 3532 | 3-5420207 3592 | 35553353 3552 | 3-5525398 
3413 | 35331353 | | 3473 | 35427043 3533 | 3-5431435 3593 | 3-5554572 3553 | 3-55294$7 
3414 | 3-5332535 | | 3474 | 3-5498298 3534 | 35492555 3594 | 3+5555781 3554 | 3-5$27585 | 
3415 | 3-5333907 | | 3475 | 3+5499548 3535 | 3:5483394 3595 | 35555589 3655 | 3-5528874 
2415 | 35335179 | | 3475 | 3-5410798 3535 | 3-5485122 |. | 3596 | 3-5558197 35565 | 35530062 
3417 | 3-5335 450 3477 | 354120947 3537 | 3-5435359 3597 | 3-5559404 3557 | 3-5531250 
3418 | 3-5337720 | | 3478 | 3-5413295 | | 3538 | 3-5487572 3598 | 3-55S0511 3958 | 3-5632437 
3419 | 3-5339991 3479 | 3-5414544 | | 3539 | 3-5438505 3599 | 3-5551818 3559 | 3-5$33524 
3420 | 3.5349261 | | 3480 | 3-5415792| | 3540 | 3:5499033 | | 3999 | 3-5553025 3550 | 3-5534811 
3421 | 35341531 3481 | 3-5417040 3541 | 3+5491259 3501 | 3.5564231 3561 | 35535997 
3422 | 3-53428c0 3482 | 3-5418288 3542 | 3-549248%5 3602 | 35565437 | |. 352 | 3-5937183 
3423 | 3-5344069 | | 3483 | 35419535 | | 3543 | 3:5433711 3693 | 3-5565643 3653 | 3:5638369 
3424 | 3:53345337 3484 | 3-5420781 3544 | 3-5494937 3504 | 3-55567848 3664 | 3:5539555 
3425 | 3-5345606 3435 | 3-5422028 3545 | 3+5495162 3505 | 3:556g053 3665 | 3-5640740 
3425 | 3.534783 73 3436 | 3+5423274 3545 | 3-5497387 3606 | 3.5570257 3566 | 3-5641925 
3427 | 3-5349141 3487 | 3-5424519 3547 | 3-5498612 3507 | 3-557 1461 3667 | 3-5543109 
3428 | 3-5350408 3483 | 3-5425755 3548 | 3-5499836 3508 | 3.557256 3668 | 3-5544293 
3429 | 3-5351575 | | 3489 | 3-5427010 | | 3549 | 3-5501960 | | 3599 | 355738569 3569 | 3-5545477 
3430 | 3-5352941 | | 3450 | 35428254 | | 3550 | 3-5592283 3510 | 3.5575072 3670 | 3-5645661 
3431 | 3-5354207 3451 | 3-5429498 3551 | 3-5593507 3511 | 345575275 3671 | 35547844 
$432 | 3-5355473 3452 | 35432742 3552 | 3+5594729 3512 | 345577477 3672 | 3-5549027 
3433 | 3-5355138 3493 | 3-5431986 3553 | 3-55925952 3513 | 35575680 3573 | 3:-5550209 
3434 | 3-5358003 3494 | 3+5433229 3554 | 3+5597174 3514 | 3-5579881 ' 3674 | 3-5551391 
3435 | 3:5359267 3495 | 3-5434472 3555 | 3-5508355 3615 | 3-5581083 3675 | 3-5552573 
3635 | 35360531 | | 3495 | 3-5435714 | | 3555 | 3-5599617 | | 3515 | 3-55B2284 | | 3676 | 35953755 
3437 | 3-5361795 3497 | 3-5435955 3557 | 3-5510839 3617 | 3-55383485 3677 } 3-556 54936 
3438 | 35363059 | | 3458 | 3:5438198 | | 3558 | 3-5512959 3518 | 3.555 4636 3578 | 3.5556117 
3439 | 345354322 3499 | 3-5439439 3559 | 3-5513280 | | 319 | 3-5585885 3679 | 3-5657258 
3449 | 3.5365584 3500 | 35440680 3550 | 3-5514500 3620 | 3.5589085 3680 3-5558478 
3441 | 3.5365847 35c1 | 3-5441921 3551 | 3-5515720 3621 | 3.5583285 3581 | 3-565:658 
3442 | 3.5368109 3502 | 3-5443161 3562 | 3-5516939 3622 | 3.5585484 3582 | 3.55608 38 
3443 | 3-5359370 3503 | 3-5444401 3563 | 3-5518153 | | 3523 | 3-5550683 3583 |, 3-$$62017 
3444 | 345370531 3504 | 3:5445541 3554 | 3-5519377 3524 | 3-5591881 . 3684 | 3-5653196 
3445 | 3-5371892 3505 | 3-5445880 3555 | 3-5529595 3625'| 3-5593080 3685 | 3-5564375 
3445 | 3.5373153 3506 | 3-5448119 | | 3566 | 3-5521813 | | 3525 | 3-5554278 3686 | 3-5555553 
3447 | 3-5374413 3507 | 3-5449358 3557 | 3+5523931 3927 | 3-5595475 3587 | 3-3565731 
3443 | 345375572 3508 | 3+<450595 3568 | 3-5524248 3628 | 3.5596673 3688 | 35667909 
3449 | 3.5375932 3599 | 3-5451834 3559 | 3-5525465 | | 3529 | 3-5597870 3689 | 3-356g085 
3459 | 3.5378191 2310 | 3-5453071 | | 3570 | 3-5526682 | | 3939 | 3-5599<66 3690 | 3-5570264 
3451 | 35379449 | | 3511 | 3-54543-8 | | 3571 | 3-5527898 | | 3631 | 3.550262 3691 | 3-557 1440 
3452 | 3.5380708 3512 | 3-5455545 3572 | 3-5529114 | | 3532 | 3.5501458 3692 | 35672617 | 
3453 | 3.5381965 3513 | 3:5456781 3573 | 3-5539330 | | 3533 | 3-5502554 3593 | 3-5673793 
3454 | 3.5393223 3514 | 3-5458017 3574 | 3+5531545 3534 | 3-5503849 3594 | 3-5$74969 
3455 | 3-5384480 3515 | 3-5459253 3575 | 3-5532760 | | 3635 | 3-5505044 35S5 | 35576144 
3455 | 3.5385737 3516 | 3-545c489 35765 | 3-5533975 3536 | 3-5606239 3596 | 3-5577320 
3457 | 3.5385994 3517 | 3:5451724 3577 | 3-5535189 3537 | 3-5$07433 3557 | 3-5578494 
3453 | 3.5388250 3518 | 3-5462958 3578 | 3-5536493 3538 | 3.560857 $598 | 3.5675669 | 
3459 3-5385506 | 3519 | 3-5464193 | | 3579 3639 | 3-560g820 | | 3599 | 3.5580843 
| 3450 3-53907S1 3520 3:5455427 | | 3580 3-5538830 3540 -S Ee 3700 | 3.5582017 | 
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"ox 


nod iden? I REED 6 PR BN, ea Fe n= CIP e908 gy. 'S: . 
bl wag þ > s 
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—— 


CHILITAS IF. 


T& Chiliads of Locakritunms. 


Log. 
3.55e3151 
3-558 4354 
3-5585537 
3.5585710 
3.553 7832 


35589054 
3-5550225 


3+5691397 


3-5692558 
3-5593739 


3-559450S 
3.56 96080 
3-5597249 
3-5598415 
3-5599588 


—_— 


3-5790757 
3-5701925 
3+-5703094 
3-5724262 
35725429 


3-5726597 
35797764 
3.5708930 


3-5710097 | 


3-5711263 
3.5712428 
$+5713594 
$+5714759 
3+5715924 


. 3-5717088 


3-53718252 
3-5715416 
3.5720580 
$+5721743 
3-5722506 


—————————_—_— 


3-5724069 
3-5725231 
3-5726393 
3-5727555 
3.5728715 
3-5729877 
3-5731038 


| 3-5732158 


3-5733358 
3-5734518 
3.5735678 
3-5735837 
35737996 
3:5739154 
3-5740313 


3-5741471 


* 3.5742628 


3-5743785 
3-5744943 
3-5745099 


—  w—_—__ 


35747256 


| 3+5748412 


3+5749568 
3-$750723 
3-5751878 


— O— 


— 


Log, 
$*+575303ZZ 
3-5754183 
3-57 55342 
3+57 59459 
3:5757550 
3-57 538803 
35759955 
3-575 1199 


3e-5752261 |. 


3-5753413 
3-5754555 
345755717 
3.5755868 
3-5758019 
3-5769169 
3-57 79320 
3-57 71479 
3-5772619 
3+57737659 
3+5774918 


3+5775067 
3-5777215 
35778363 
3+5779511 
3-5780659 


34578 I 805 
3-578:953 
3-5784100 
3-578 5246 
3-5786392 


CE ny 


| 3-5787 5389 


3-5788683 
3-5789828 
$+5790973 
3-5792118 


3+5793262 
3+5754406 
3-5795$50 
3-5796693 
35797835 


3-5798579 
3-3800121 
3-5801263 
3-5802405 
3-5803547 


———— 


3.5304588 


. Z-5805829 


3.5808110 
3+5809260 


3-5810389 
3-5811529 
3-5812668 
3.58 13807 
3-5814545 


3-5816c84 
3-5817221 
3-58 £359 
3.581946 


3-58 20634 


3.582745. 
3.53828585 
3-5829719 
3.58393 54 
3-5831938 


3-5833121 
3-5834255 
3-5835388 
3+5835521 
3-5837654 
3-5833785 
35839918 
3-5841050 
3-5842181 
3-5843312 
3-53 44443 
35845574 
3-58 45704 
3-5847834 
3-5848953 


3-53 50093 
3-5851222 
3-5852351 
3-53 53479 
3-58 54507 
3-5355735 
3-5856853 
3-58 57990 
3-5859117 
3-5860244 


3.5?61370 
35852495 
3-5853522 
3-5854748 
3-5865873 


3-58659g8 
3.5863123 
3-5869247 
3-5870371 
3-5871495 


3-5372618 
35873742 
3-5874865 
3-5875987 
3.5877110 


3-5878232 
3-5379353 
3-5880475 
3-5831596 
3.5882717 


3.58383338 
3-5884958 
3.5285058 
3-5887198 


| 3-5888317 


L og. 
3-5889435 
3.58:0555 
3-5891574 
3-5892792 
3-5253910 


3-589 5028 
3-5856145 
3. 5897252 
3-589837:; 
3-5859496 


3-5$00512 
3.5901728 
3-59092944 
$+5903959 
$+5925075 


—— 


3-5906189 
$+59-7304 
3.5908418 
$+5509532 
3-5510646 


$*eSSII759 


3-5$12873 
3-5913g85 
3-55150g8 


-3.5$16210 


3-5917322 
3-5918434 
3-5919545 
3+5920657 
3-5921757 


3-5522878 
3-5923938 
3-5925098 
3.5925 208 
3-5927318 


3-5928427 
3-5929536 
3-5930644 
3+5931753 
3-5932861 


35933968 
3+5935076 
3-5935183 
3-5937290 
3-5938397 


$+5939503 
3- 5940509 
$-5941715S 
3.5942820 
$+5943925 


 O——— 


3-5945030 
3-5945135 
3-5947239 
3-5948343 
3-5949447 


3-5950551 
5551554 
3-5952757 
3-5953860 
3-5954962 


wv 

\© 
Oo 
oy 


3-6c07551 


35959399 | 
3-5-0470 | 
3-59S1571 
345962571 
3-5993971 
3-5554871 
3-5955971 
3-5957079 
3-5958 15g 
3-5969258 
3+5$70357 
35971465 
3+5972553 
3+5973560 
3-5$74758 
3+5575855 
35975952 
3-5978048 
$+5$79S145 
3-5980241 
3-5981336 
3-5982432 | 
3-5983527 
3-592 4522 
3-5585717 
3-5$26811 
3-5987905 
3:59889c9 
3-59$0092 
3-5991186 | 
3-5992279 
$+5993371 


3-5954464 
3+5995559 
3-5996648 
3-5997739 
35958831 


3-599 9922 
3-6001012 
3-5002103 
3-60c3193 
3-6c04283 


3-5005373 
3-6006 45 2 


3-60-08540 
3.6029729 


3-6c10817 
3.6-115cs 
3.6C12993 
3-5c14o81 
3.6C15168 


| — 


3.6016255 
3-5017341 
3.6018 428 
3.6019514 
3-5020600 


400 


3. % 7 


_—_— 
Ten Chiliads of LoGcaRITHMSs. 

N. Lo N. L7g. * N Log, N. Log. N. Log 
4-01 3.5021535 4031 3-5935330 4121 3-5 150-225 4181 3.6212302 4241 3.6 274983 
4202 | 3--022 "71 4252 $-20373%9 4122 3.5151030 4132 3.621334 4242| 3 6275707 
4003 3.5023 35 4553 | 3-5<83.453 {4123 | 3-5152133 4133 | 3.521487 3 4243 | 3-$279732- 
4024 3.502441 4054 3-5939537 | 4124 3-5153135 4184 35215917 4244 | 3-6277754 
4205 4 1025025 455g | 3$-2050005 | 1125 | $e2154233 4185 3-5210955 4245 3-5278777 
4006 3.602715 4055 | 3-50 574 4126 3.5155292 4126 | 3.6217992 4:45 | 3-5:938c0 
4507 EOL9099 4057 | 34032742 4127 | 3-515$345 4187 | 3.5215039 4247 | 3-5280823 
4208 36029277 4063 | 36093829 4123 | 3-5157397 4133 | 3.5229067 4243 3.523 1845 
4009 3.6: 3-350 4069 | 35094777 4125 | 3-515e449 4135 | 3.5221104 4249 | 3-6232367 
4-10 | 3:6031444 | | 4-79 | 3 5075944 4130 | 3-51595-0 4199 | 3.5222140 4250 | 3-5233835 
gol1 | 3-6 32527 | 4071 | 3-50g7011 $131. 3-5160552 4188 3-6223177 4251 | 3-5284911 
4012 3.5033009 | |! 4972 3.909 3078 4132] 3-5151523 4192 | 3+ STIL 4252 | 3-6285$32 
zo13 | 3-9034591 } | 4973 | 3-6299144 | | 4133 3-6162554 4193 Cee 4253 | 3-6285954 
4214 | 3:5935774 | | 4974 3-51590210 4134 | 3-5153705 4194 | 3-522625 4254 | 3-5287575 
org | 3.935855 | | 4075 | 3-5101275 | - | 4135 | 35154755 | | 4195 | 3- 5227320 4255 | 3-6282g55 

q 4016 | 3-6037 737 4075 | 3-©<102342 4135 | 3-5153805 4195 | 3-5228355 | | 4256 3.5250015 
4017 3-603g018 4277 | 3-6103407 4137 3.5155355 4197 | 3-5229350 4257 | 3-6291035 

zo1s | 35040099 | | 4978 | 3-5194472 | | 4138 | 3-2167995 4193 | 3.5230424 4258 | 3-62 92955 
gorg | 3-f041180 | | 4079 | 35125537 4139 | 3-5158954 4155 | 3-5231459 4259 | 3-52$3<75 
4020 | 3.6042260 4080 | 3-5105502 4140 | 3-5170003 4200 |] 3-5232493 4250 362540: 6 
4021 | 3-5043341 4031 3.$1027566 4141 3-5171052 4201 | 3.5233527 4261 | 3-6295115 
4922 | 3-6044421 4032 | 3-5108730 4142 3-5172101 4202 3.5234550 4262 | 3-5296134 
4023 | 3-604 5500 4083 | 3-610$794 4143 | 3:9173149 4203 | 3-5235594 4263 | 3 6297153 
4024 | 3.6045 580 4084 | 3-5110357 4144 3-2174197 4204 3-5235527 4254 | 3-5259172 
4925 | 3-6947659 408g | 3-SITL921 4145 | 3:5175245 4205 |} 3-5337650 4265 | 3-6299150 
4026 | 3.6048738 | | 4086 | 3-$112584 | | 4145 | 3-5176293 | | 4205 3-6238693 4255 | 3-5300208 
4027 | 36249816 | | 4087 | 3-5114046 4147 | 3-6177349 4207 | 3-5239725 4267 | 36391226 
4028 | 3-50g08g95 4088 | 3-511510g 4148 | 3-5178337 4208 | 36240757 4258 | 3-6302244 
4029 | 3-5051973 4089 3.S116171 4145 3-5179434 4209 | 3-5241 789 4259 Zo 6393261 
4930 | 3-5053050 405o | 3-S117233 4150 | 3-92180481 4210 | 36242821 4270 | 3-6304279 
4932 | 3-6255205 4052 | 3-£115355 4152 | 3+5182573 4212 | $.5244834 4272 | 3-6306312 
4033 | 3.6056282 | | 4093 | 3-5120417 | | 4153 | 3-6183515 | | 4213 | 3.5245914 4273 | 3-6307329 
4034 | 3:6057 359 4094 | 35121478 4154 | 3-5124565 4214 | 3-$246545 4274 | 3-53<8345 
4035 3-6058435 409g 3-6122539 4i55s 3-5185710 4215 | 3-5247575 4275 | 3-5309361 
4036 | 3.505911 | | 4095 | 35123599 | | 4155 | 3-5186755 | | 4215 | 3.524906 4276 | 3-6310377 
4037 | 3.6060587 4097 | 36124560 4157 | 3-6187800 4217 | 3.6250036 4277 | 3-6311392 
49238 | 3.6061653 4098 | 3-6125719 4133 | 3-5188845 4218 | 3.6251056 4278 | 3.53124c8 
4039 | 3-6062938 4099 | 3:5125779 4159 | 3-519g289 4215 | 3.525205 4279 | 3-5313423 
4040 | 3.60533 14 4100 | 3:61 27838 4160 | 3-6150933 4220 | 3.6253124 4280 | 3.5314438 
4941 | 3.664888 4101 | 35128895 4161 | 3-$191597 4221 | 3.6254153 4231 | 3-£315452 
4242 | $-6065963 4102 | 3-5125955 4162 3-5193021 4222 | 3.6255182 4282 | 3-6315467 
4943 | 3-6069c:37 4103 | 3-6131o15 4163 | 3-5194<54 | | 4223 | 3.5255211 4283 | 3-6317481 
4044 | 3-6cS8111 4104 | 3-2132073 4164 | 3-5195107 4-24 | 3-2257239 4284 | 3-5318455 | 
4945 | 3-5-65185 410g | 3-5133132 4155 | 3-6196150 4225 | 3.6258267 285 | 3-6316508 | 
4046 | 3.607 259 4106 | 3-5134189 4166 | 3-9197193 4226 | 3.6259295 4286 | 3.6329522 
4047 | 3-607, 1352 4107 | 3-$135247 4157 | 35198235 4227 | 3-6250322- 4287 | 36321535 
4048 | 3-6072405 4108 | 3-5136304 4158 | 3.5199277 4228 | 3.6261350 4283 | 3-6322548 | 
4049 | 3.6-73478 410g | 3-5137351 | | 4169 | 3-52c0319 4229 | 3.9252377 4289 | 3-5323560 
4050 | 3-6074550 4110 | 3-5138418 4170 | 35201360 4230 3-52534"3 4250 | 3-6324573 
40g | 3.6075622 4111 | 3-5139475 4171 | 3.-52c2402 4231 | 3.52654430 4291 | 3: 6325585 
4052 | 3.50966 94 4112 | 3-6140531 } | 4172 | 3-6203443 4232 | 3.6255455 4292 3-*326597 
4053 | 3.59077796 4113 | 3: 6141587 4173 3-5204484 4233 | 3+ 6: 65483 4253 35327609 | 
4054 | 3.50788 37 4114 | 3-5142543 4174 | 3-5$205524 4:34 | 3-5257508 4254 | 3-5328520 
4955 | 3-6075g08 | | qr15 | 3-5143558 | | 4175 | 3-5206365 | 1 4235 35263534 | | 4955 | 35329532 
4056 | 3.6c80979 4116 | 35144754 | | 4175 | 3-6207605 | | 4235 | 3.6259559 | | 4296 | 3-6330643 
4057 | 3.5082-52 | | 4117 | 3.5145809 | | 4177 | 3.622645 |* | 4237 | 35270585 | | 4257 | 3:9331653 
4058 | 3.6083120 4118 | 3.6146363 4178 |. 3.6209524 4238 EIT EOON | 4258 36332664 
g059 | 3.3c84150 | 4119 | 3-61479$18 4175 3-5210724 4239 pp,” | 42$9 |3:2333074 
4060 | $.6085250 | | 4120 | 3.6148972 | \ 4180 | 36211763 | 14246 3-6273558 | | 4300 [3.6334 84 | 


CHILTAS6 


4391 


W_ 


— 


CHILIAS TV 


Chiliads of LocariTHmMs: 


Log. 


3-5335594 
3-5335704 
3-$337713 
3-5338723 
3-5339731 


3 5346740 
3-5341749 
3-6342757 
3-6343755 
3-5344773 


3-5345780 
3-53457%7 
3-5347794 
3-6348801 


3-6345808 | 


3-6350814 
3-5351820 
3-6352825 
3-6353832 
3.6354837 
3-5355843 
3-6355848 
3-6357852 
3-6358857 
3-6359851 
3.535086g 
36351869 
3.5352872 
3-6353376 
3-5354879 
3-635 5882 
346366884 
3.6367887 
3.63568889 
3-6355g891 
3-5370893 
3-6371894 
3-63728g95 
35373895 
3-6374897 
3-637 5858 
3-63768g98 
3-6377898 
3-5378858g 
3-6379898 


3.6380857 | 


3-6381896 
.3-6382895 
3.5 383854 
3.6 384892 
3.638521 
3.53863?g 
35387887 
3.5 398884 
3-5385881 


35350875 
35391875 


35392872. 
3-5353859 


3-6354855 


 — —__ -——— 


Log. 
3-5395861 
$:5335357 


3-5393%47 
3-5 399342 
3-54-0837 
36401832 
3-6402825 
3-5403820 


3-5405823 
3.5408501 
3-5497795 
3-5 408783 
3-5409780 
3-5410773 
3-5411755 
3-5412757 
3-6413749 
3-5414741 


3-6415732 
3e6416724 
3-6417715 
3-5418705 
3-541969g5 
36420686 
3-56421676 


3.54236 55 
3-6424645 
3-6425634 
3-$426623 
3-6427612 
3-9422600 
3-6425589 


3+5430577 
3-6431555 
3-6432552 
3-6433540 
3-5434527 


36435514 
3-5436500 
3-6437487 
3-5438473 
3-6435459 


3-544" 445 


| 3-5441430 


3+5442416 
3-5443401 
3-5444 386 


3-6447335 
3-9449323 
3-5449307 


3-5450251 


3-5397852 | 


3-5424814 | 


3-5422666 | 


I —_ —— — ———_ q 


v 


3-5445370 
36445355 


3-6451274 

3-6452257 
3-6453240 

3-5454223 


Log. 


| 3$*54552925 


3-5455187 
3-5457159 
3-5453r51 
3-5459133 


3.545014 
3.5451095 
3.54352095 
3-5453957 
3-945 4237 
3.5455c17 
3-5455997 
3-6455977 
35357957 
3-5453936 
3-5459915 
3.54 70894 
3-6471873 
3-5472851 
35473830 
3-5474308 
3-5475785 
3-5475763 
3-5477749 
3-56473718 


3-5475594 
3-6420571 
3.9481548 
3-5482524 
3.5483500 


3-5484576 
3-5485551 
3-5486527 
3.59487 502 
3-5482 477 


3-5435452 
3-645 426 
3-5491401 
3-5492375 
3-5493348 
3-5494322 
3:54552<6 
3-5496259g 
3-6457242 
3-6498215 


3-5499187 
3-S5coOI59 
3-5501T131 
3-5502103 
3-5503075 


3-5504047 
3.6505018 
3-0505589 
Z-5506560 


3.5507 530 


3S5c8go1 
3:650g2071 
3-5510841 
3-SSgTLCH1M 


2.65I278EC | 


> A— 


Log. 


es 


3-5513745 
36514718 
3.5515587 
3-5515555 


3-5517524 


3.5518593 
3-5519551 
3.5520528 
3-9521455 
3-5522454 
3-6523439 
3-5524397 
3-5525354 
3-6525331 
3-0527297 
3-5528253 
3.6529229 
3.6532154 


3-5531150 | 
3-5532125 + 


3.5533092 
3-£534955 
3-6535019 
3-9535984 
3-553594 

—_— 
3-6537G12 
3-5538875 
3.5539339 
3.5 540852 
3-6541755 


3-5 542728 
3-55435g1 
3-5544553 
3-9545615 


| 3-5546577 


3-5547539 
3.6548501 
3-5 549452 


| 35550423 


3.5 551384 


3:5552345 
3-5553305 
3.55 54255 
3-5555226 
3.6555186 


3-5557145 
3.5558105 
3-6555064 
3.0 560023 


3.5551941 | 


3-65528559 
2.5553357 
3-5564815 


* 
3-55657 73 


3-5565730 
3.5 567682 
3-5552645 
3.55$6g502 


3.579558 | 


— —— 


| 3:6571515 


3 6572471 
3-6573427 
3.65-4333 
5:2 575335 


3-552 5337 | 
3-658675g9 
3-6527743 
35588555 
3-6589543 
3.65506c0 
3-5551553 
3-6592595 
3-65934565 
3-6594408 
3-5595359 
3-65$6310 
3-5597261 
3-6598211 
3-559$g162 
3-66OCTI2 
3.6601052 
3.6502012 | 
3-6602952 
3.5603911 


3.6504859 
3.6605809 
3.5506758 
3-6509705 
3.5508655 


3.660$6c 3 


| 3.6510551 


3-6511458 
3-6512445 
3-5513393 


3-651434D 
3-6515287 
3-5516234 
3-6517180 


| 36518127 


—__ 


3-6515073 
3.6520019 
3.652056 4 
3.5521910 
3.6622855 


3.652380c 
3-5624745 
3.662565$0 
3.6526634 
3-6627 578 


— — -— 


494 


bo Se Ces Bu, 


CHIL 1A SK 


Ten Chiliads of LoGcaR1lTHMsS. 


+. Ml. ht. es 


4 


Log, N, Log. 
Log. N. Log. Be _ 4841 | 3-53845351 
Log. * | 731 | 3-5795187 842 | 3.585248 
— 21 | 35740340 4 5755055 484 | 
EIN 551 | 35634791 | | 47 5741260 | | 4782 | 3457 4843 | 3-6851145 
6623522 | 1 49211 3 4722 | 3-07412 33 | 3-5757024 «6352041 
: 57 552 | 3.6585723 5742179 4793 4 4244 | 3 
£52 55 42 ” : - 5s 4723 Jo" 74 ot 3 3.57979 58 2938 
3.553 13-2] | 4654 | 35587585 key, 3-5744-18 | | 4785 | 3-79 pions, 1g 
36631353 | 1 nes | 24588516 | | 4725 _— —_— — — 4845 | 3-6253334 
6632299 | [9 424and 4786 | 3-6799727 847 | 3-6354739 
ze — 25 | 3.57 44937 3-680c634 | | 44 9-652: 
5522220 | | 4555 | 36585447 4727 | 36745355 | | 4787 3-6801541 | | 4248 | 3.535 $525 
5533239 5590378 4727 | 55274595 4783 |] 3.680154 349 | 3-6355522 
3 2 | | 4557 | 3-55903 28 | 35745775 5202448 9.9 
35534182 4653 | 3-65g1308 ad bas 5747593 4789 | 3» _ 4850 | 3.5857417 
LvIng 4659 35592239 4725 SGarB6D, 4799 3.9 3355 
35009 | | 4575 | 3:5693169 | | 4739 | 3 N—_ 52 | | 4851 | 35353313 
6637009 4 gl 3.58042 2e2 .68 59208 
: _— 35/4959 | | 4792 | 3.6805168 | | 4852|3 
EE R909? | 1473" | 25510045 | an_ 85074 | | 4853 4 ICE 
$6037990 | 4672 3.5595028 = 3-5751355 4793 4 va 4354 > wee 
246464) ll 6595553 47 4 4794 | 3+ 855 | 3-626195 
36539934 Go. > 5646887 4734 3.575283 4795. [3:6007086 | | 29 
3-5540475 | 4675 | 3.6597815 | | 4735 | 357532 — rv 4856 | 3.6852787 
nk | Ln 4735 | 3:5754107 | | 4755 | 3: 58> 7 ;-/ 7 19-0 
x2 4577 | 3-5599574 pd. 6745000 4792 | 3: 5811507 | | 4859 | 35855459 
(p44 4578 | 3.570052 TT 3 5736867 4799 benanh 4850 | 3.6866353 
3» 4455 ? 3-57C1539 739 4 4 [S/S] . m— | 
ESE5400 = 3-5702453 4749 | #6757993 || 4251 | 36867255 
3.6545420 4 Gp — STD 4801 3.631337 4862 | 3.6858149 
p. 50 4581 3.670 3385 4741 thee Is _ Nag 4853 3-6259043 
$656 47360 4582 | 3.67c4314 | | 4742 T61doand 4803 | 3. "h$4r2ng 4354 | 3.6855935 
3-5648295 4533 | 3-5705241 | [4743 | 3:57 51447 | | 4894 3-5815030 | 4855 | 3.527088 
3-5650178 4535 3.5707096 4745] 327 TE — 1 OUR '2 4955 | 346851721 
nn | ol 4745 | 3:5763277 $227 | 5:5819731 | | 4857 es 
ork 586 | 3.5708023 47 - 2 4897 | 3+ : 4858 | 3.687350 
edaag9s\ | 4687 | 3:6108045 | | 474; 6 n57 | | 4808 Sts || 2069 [34874358 
36552595 od oe 4 MY lars Bedard oe 4870 | 3.6275250 
3-56 54872 jt 3-5711928 4750 | 30790993 — 4871 | 3.6875181 
3-6655810 51 | 36757359 | | 4811 re k+: 4872 | 3-6877-73 
has 591 | 36712554} [4751] 3 4312] 3. 4373 | 3-627 7954 
$0740 pp T2906 4752 app 4313 3.09 24159 4874 | 36878355 
3-5557685 4553 | 3:6714598 4753 cap cs 4314 Gy 4875 | 3.6879745 
| 3.565852J | 4554 | 3.5715431 47 54 Rs 4315 | 3.6325963 Be bn 
$66 59g00 4595 | 3.6716355 | | 4755 | 3-577 — 5 4876 | 3.6:80537 
36050497 — | w—_— 597712418 4816 gs 4877 | 3-6281527 
3.665143, 4555 | 3-6717231 | [475 26773330 2 3 820468 44] $4 
| $-0651434 4597 | 36718205 | | 4757 | 3: 5554234 | | 4818 | 3.682 - 4879 | 3.5283308 
3-9592371 558 | 36719130 | | 4758 ke 4519 | 3.5829565 4880 | 3.6884158 
$554.64 | | 4659 | 26722088 | [4799 | 5770187 | | A2ip | 3059689 
3-5564244 pad 2-6720978 4750 | 3.577506g plight 4881 | 3.6285088 
<dMon , 6775992 | | 4821 | 3.6831371 4532 | 3.688 5578 
6216} [arent peratgon | [4773 1 3-277 "0= | noon: 4883 | 3.628867 
3-66661 4702 | 2.672283 26 4762 Sdn 4823 3-53 33093 | | 4884 | 3.6889755 
PING 4703 | 3.572379 pa eee | 4924 ect 4885 | 3.6388546 
6668022 99724073 | 147t 12004244 HR. _ 
$-C6c2p30 1 2 HO 4 na$595 1 14705 4 3.0770229 8 Le 886 | 35289535 
$200g9 57} | HOST R073356 4766 | 36781540 | | 4826 3-023 5073 4887 3-5350423 
ng 6 4706 | 3.6726515 von eodies 4829 | 3.683 32 4888 | 3.5291312 
$90 70798 4707 | 2.6127442 4757 > F500, 4828 | 3.5837573 4889 | 3.6352200 
3-0671727 "08 6728354 4768 3- = | 4829 3.6838 572 48g0 3-6893088 
3-6572661 = 26920287 | 4769 | 3-67 4132 | | 4830 | 36935471 th 
3-0674525 TERS, 71 | 3.6536004 | | 4831 rn ypt 4892 | 3.5294854 
Fel Ra PoE FEA 
#©IC-446 712 | 3.673205 72 | 2.658701 De 94 | 3: 
Abb ps 24% pots. 5 8092; 4534 ys 2355 3-6857527 | 
\Y® / - =_Y 6" 385 6 F . 4 WE: 4 35 2.0! JEET LG: x = ; 
3-6699197 gs —arvodas 4335 tas, ' 4897 | 3-6259301 | 
| 36580130 | | 4716 mo 46s 3.6791552 | | 4837 o 25659 | 4858 | 3-6500188 | 
yori of, 717 | 3--735959 | [4777 3.6792451 | | 4838 | 3.5845 s | | 4359 | 35901074} 
3.6681062 4/ 9 4778 | 3.* 2460. 839 | 3.584755 6901561 | 
—_ 4718 | 3.573757 b- 6 675337C + 248454 | 4500 \3 
3.65 1995 719 55738500 | 4775 yo if 27 434- 3.984 45 LEI mans... O 
3-568 2527 gr2o| 6735420 | 4780 | 3.5754279 aoc ancoooecobetes ws 45-08 
3.6633859 | 147201 3: - 


| 


CHILIAS VI. 


hg we A. YE 0 OE R—_—_ 


Ten Chiliads of Locaritums 


N, 
4gO1I 
4902 
4903 
4904 
| 4905 


4926 
4507 
4508 
4593 


4511 
4912 
4913 
4914 
4915 
4915 
4917 
4918 
4919 
4920 
4921 
4922 


| 4923 


4924 
4925 


4526 
4927 
4928 
4929 
4930 


4531 
4932 
4533 
4934 
4535 
4935 
4937 
4938 
4539 
4940 
4941 
4942 
4943 
4544 
4945 
4945 
4547 
4948 
4945 
4950 
4951 
4952 
4953 


| 4954 


4955 


4556 
4957 
| 4958 


| 4959 
| 466C 


4519 


————— - 


—— - 


Log. 

| F2: 
35902847 
3-5503733 
3-6504615 
3-590550s 
3-59-6390 


| 3+5507295 
3-55908150 
3-6505045 
3.6509930 
3-SglOB1g 


3-5511599 
3-6$12533 
3-6913468 
3-6914351 
3-59915235 


3-5916119 
3-6917002 
3-6919885; 
3.6918958 
3.691965] 
35920534 
3-5921416 
3-6922298 
3-5923180 
3-6924052 


3-6924944 
3.6925826 
3-5926707 
3-5927588 
3-5929459 


3-5929350 
3:653Z0231 
3.531118 
3-69319918 
3-6932871 
3-5933751 
3-55 34631 


3-55353c0 
3-693726g 


3-6538148 
3-5935027 
3-5939906 
3-6940785 
3-6941663 


3-9942541 
3-5943419 
3-6944297 
3:56945174 
3-5546052 
3-59469259 
3-694 7806 
3-6 948683 
3-654$560 
3-6950436 


3-6951313 
$e09952185 
3.6953065 


| 3.65 53941 
3-6c $4817 


3-6935511- 


| 


N. Log. | N. Log. N. Log. 
4951 | 3+5955692 $021 | 347 07922 $231 | 3.7959492 
4962 | 3.5955557 5022 | 3.7002 767 5932 | 3.7060347 
4953 | 3-5557443 5923 | 3-7909532 $033 | 3-7-61201 
4954 | 3-5958318 5024 | 3+7010495 5084 | 3.7262055 
4555 | 3-5955192 5025 | 3-J011351 goJg | 37062909 
4956 | 3-5950067 $926 | 3.7212225 5085 | 3.7063753 
4567 | 3-6950942 5927 | 3-701303g $087 | 3.-7064517 
4953 | 3-6961816 5028 | 3-7013953 $088 | 3.7065471 
4959 | 3-59625g0 $029 | 3-7914815 go8g | 3-7055324 
4970 | 3-5963564 5230 | Ze7015680 5090 | 3-7067178 
4971 | 3.5964.433 5031 | 3-7015543 go91 | 3e70 68031 
4972 | 3-5965311 5932 | 53-7017 495 5092 | 370588384 
| 4973 | 3-5965184 5033 | 3-7018259 5093 | 37959737 
| 4974 | 3-5957058 5034 | 3+7v19132 5294 | 3-7070589 
4975 | 3-5957931 5035 | 3-7cI99g5 $5095 | 37271442 
4976 | 3-5953804 5036 | 3-7020857 $0Og6 | 3+7072294 
4977 | 3-5959675 5037 | 3-7021719 5097 | 3-7073145 
4978 | 3-9979549 5038 | 3-7022582 5098 | 3-7073998 
4979 | 3-5971421 | | 5039 | 3+7923443 | | 5099 | 3-7074852 
4980 | 3-5972293 5040 | 3+7024305 $100 | 37075702 
4981 | 3-6973155 5041 | 3+7025167 $101 | 3-7075553 
4982 | 3-6974037 5042 | 3-7925028 $5102 | 3-7077404 
4983 | 3-6974909 | | 5043 | 3-79268g0 | | 5103 | 3.7078255 
4984 | 3-699 5780 5044 | 3-7927751 5104 | 37079107 
4985 | 3-6975652 5045 |} 3-7028612 $IOs | 37079957 
| 4986 | 3-5977523 | | 5046 | 3-7029472 | | 5106 | 3.7080808 
4987 | 3-6978394 5047 | 37939333 $107 | 3.90815g8 
4988 | 3-6975264 | | 5048 | 347031193 5108 | 3.7082509 
4989 | 3-6980135 | | 5049 | 37032054 | | 5109 | 3-7083359 
4990 | 3-598100g 5050 | 37032914 $110 | 3.7024205 
4991 | 3-5g81875 $Og1 | 347933774 $111 | 3.7085059 
4992 | 35582745 5052 | 3-7034633 $112 | 3.7085908 
4993 | 3-59836165 | | 5053 | 3-7035493 | | $113 | 3-7085753 
4994 | 3-5984485 $054 | 37035352 5114 | 3.7087507 
4995 | 3-5985355 | | 5955 | 3-7037211 Sls | 3.7c83456 | 
4996 | 35986224 5055 | 3.7038071 $116 | 3.7089305 
4997 | 3-5587093 5057 | 3-7038529 $117 | 3.70g0I154 
4998 | 3-698 7952 | 5058 | 3-7039788 5118 | 3.7c91003 
4999 | 3-5588831 5059 | 37040647 SIlg | 2,7091851 
g000 | 3-658 9700 5060 | 3.7041505 $120 | 3.7092657 
go01 | 3-5990568 $061 | 347042363 $121 | 3.7093548 | 
5002 | 3-6991437 $062 | 3.7043221 5122 | 3.7094395 
5083 | 3-5992305 5063 | 3.7044079 5123 | 3.7095243 
5004 | 3-6953173 5064 | 370445937 5124 | 3.70950g1 
500g | 3-5994041 | | 5065 | 3,7045794 | | 5125 | 3.7095939 
gc06 | 3-6954908 $066 | 3.7046652 $126 | 3.7097785 
$007 | 3-6995776 5067 | 37047509 | | $127 | 3.7098633 
gco8 | 3-5996643 | | 5068 | 3.7048365 5128 | 3.7099480 
500g | 3-6997510 $069 | 37049223 129 | 3.7100327 
5010 | 3-5598377 5070 | 3+705007g 5130 | 3e7101174 
SOIL | 3-59 99244 $071 | 347050936, 5131 | 3.7102020 
SOI2 | 3.JCOOTLT $072 | 3,7051752 5132 | 3.7102866 
SCI3 | 3-70c0977 $973 | 37052649 $133 | 3-7103713 
$014 | 37001843 $974 | 3+7053505 $134 | 347104559 
gOls | 3-700270g | } 5075 | 3.7054360 $135 | 3-7105404 
SO1I6 | 3.703575 5076 | 3.7<55216 5135 | 3.71c6250 
SCI7 | 3.70C4441 $C77 | FJ-7JC$9C72 $137 | 3-7107c96 
5018 | 3.7<053c6 5078 | 3.70569027 5138 | 3.7107941 
SOIG | 3.7 06172 $079 | 3-7057782 $139 | 3.71087586 
5©2C | 3.70070g7 |} | 5o08c 3.7058637 | $149 | 3.7109531 


ce 


| 3-7119758 


Log. 
—— ——— 
$:7110475 
$-7111321 [| 
37112165 | 
$+711300g 
5-71138 54 
— 
3-711455g8 
$+7115542 
3-711538g 
$*7117229 
3-7118012 
———— 


3-7118c15 


3-7 120601 
3-71 21444 
37 !22287 
———— 
3-7123129 
$+7123971 
3-7124813 
Z-7125655 
3-7126497 
3-7127338 
3.7128180 
3-7129021 
3-7125862 
3-7130703 


3-7131544 
3.713238 5 
3-7133225 
3-7 134065 
3-7 134c05g 
$+7135745 
3-7136585g 
$-7137425 
3-7138264 
37139103 
$+7139943 

37140782 
3.7141620 
37142459 
$-7143257 


3-7144136 


3-7144974 
3-7145812 | 
3-7145550 
3-7147488 
3-7148325 | 
3-7149162 
Z+7150000 
3-7150837 
3-7151673 |} 


3-7152510 
3-71 53347 
3.7154183 
3-715g0I9 
3-7155855 f 


3-7 156691 | 
3-7157527 
3-7158363 | 
3-7155198 
3-7 160033 | 


— 


HE EY 


$5201 


3 ob Lobel, ef 1 


CHILIAS VL 


a Cas ; 5 
Ten Chiliads of LocaRITHMS. 

FI, Log N. Log. N. Log. N. Log. N, Log 
<201 3.7160858 251 | 3-7210 83 | $321 | 3+7259932 5331 | 3.73<8532 $441. | 3-7355787 
6202 3-7161703 $292 3.7211523 | $322 3:7259749 5382 | 3.7309437 5442 37357525 
6203 3.7192533 $823 3-7212334 | | 5323 | 3-7251595 5323 | 347310244 | 5443 3-7352323 
$294 | 3+1 153373 $254 | 37213159 5324 | 3-725238- 5324 | 3-7311259 5444 | 3-7359 101 
q205 | 3-7 164207 5255 | 37213554 5325 | 3-7293199 5335 | 3-7311857 5445 | 3:7355579 
$22 | 3715542 5255 | 3-7214808 5326 | 3.7254©12 5326 | 3.7312553 5445 | 3-7350775 
$207 | 37155875 5257 | 3-7215633 5327 | 3-7254827 5327 | 37313472) $447 | 37351574 
$208 3.7159710 | $233 3-7215453 5328 3.7 255542 5288 3-7314275 $4.48 3-7352371 
209 | 3-7157543 | | $259 | 37217282 | | 5325 | 37255457 5339 | 3-73159272 5449 | 3-7353193 
210 | 3-7158377 | | $270 | 3-7216 10g $330 | 3+7297272 5350 | 3-7315583 5450 | 3-7353-55 
aur | 37159211, | $271 | 3-7213g30 | | 5331 | 37293987 5351 | 3-7315593 5451 | 3:7354752 
6212 | 307172044 | $272 | $e7219754 5332 | 5-7258-01 5392 | 3-731 7495 $452 | 3-7355553 
$213 | 37170877 | ! $273 | 3-7229578 5333 | 3-725-715 5393 | 3-7315304 5453 | $:7399355 
$214 | 3-717 1710 5274 | 37221401 5334 | $+727-530 $394 | $+731>109 5-454 | 3:7357151 
$215 | 3-717 2543 $275 | 3-7222225 5335 | 3-7271344 $395 | 3-7319514 5455 | 3:7397547 
6215 | 3-7173375 | | $275 3-7223043 5335 | 3-7272158 5335 | 3.7320719 5455 | 37352744 
$217 | 37174208 | | $277 | 37223371 $337 | $:7272972 $357 | 347321524 5457 | 3:7393535 
218 | 37175041 | $27 3-7224594 | | 5338 | 3-7273785 $3982 | 3-7322329 5458 | 3:7379335 
$219 | 37175073 $279 | 547245517 $339 | 397274597 5399 | 3+7323133 $459 | 347371131 
$229 | 3-7 175705 5280 | 3-7225333 5340 | 3+7275412 $499 | 3+7323937 5450 | 3:7371525 
$221 | 3-7177 $37 $281 | 3-7227162 $341 | 3-7275229 | $401 | 37324742 5451 | 37372722 
222 | 3-717 339 5282 | 3-7227983 5342 | 3-7277259 5492 | 3-7325545 5452 | 3737351" 
$223 | 3-71752-0 5233 | 3-722880 5343 | 3-7277852 - 5423 | 3-7325350 $5453 | 3:7374312 
$224 | 3-7180032 5284 | 3-7225623 5344 | 3-7278554 5404 | 37327153 5454 | 3:73751C7 
$226 | 3-7180863 5285 | 3-7230459 5345 | 357279477 $425 | 3+-7327957 5455 | 3-7375502 
6225 | 3-718 160g $285 | 3e7231271 5345 | 3-7290239 5405-| 3.7328750 5455 | 3-7375555 
$227 | 367122525 5287 | 37232093 5347 | 3-7281102 5427 | 3-7325564 $457 | 37377451 
$228 347133356 5288 | 3+-7232914 5343 | 3-7281G14 5428 | 37339367 5458 | 3-7378285 
$229 | 3-7184185 | | 5289 | 37233736 5349 | 3-728272> 5409 | 3-7331170 $459 | 3-7375079 
$239 | 3-7185017 | | $250 | 3+7234557 5350 | 3-72035389 $410 | 3+7531973 5479 | 37375873 
231 | 3-7185847 | | $251 | 37235378 5351 | 3-7284349 5411 | 3.7332775 5471 | $7 380557 
6232 | 3-71865677 | | $202 | 3723+ 192 5352 | 37285151 5412 | 367333573 $472 | 3-73*1461 
$233 | 37187507 | | $293 | 3-7237 "15 $353 | 3-7295972 $413 | 3-7334330 5473 | 3:7352254 
$244 | 3.7182337 | þ $254 | 3-7237839 8354 | 3-7285784 3414 | 3-7335182 5474 | 3-7383- 48 
$235 | 3-7189167 | $2G5 | 3-72385090 5355 | 3-7287535 5415 | 3+7335585 5475 | 3-7383841 
6236 | 3.7139006 $295 WISIS480 | 5355 | 3.7282455 5415 | 3.7335785 $475 | 3-7324634 
$237 | 3-715-826 $297 | 3-724 3:0 5357 | 3-7289215 5417 | 3.7337538 5477 | 3-7385427 
5238 | 3.7191655 5258 3-7241115 | 5358 | 3-7250027 5418 |} 3.7332399 5478 | 3-7325220 
5239 $-719247%4 $255 | $:7241933 535 3.7260837 $415 |} 3.733$101 5479 | 3-7387-13 
$240 3+7193313 | $3Z<O | 3$:7-42755 $390 3.72516483 $420 | 3+-7339993 5480 3.73878csg 
$241} 3-7194141 53-1 | 3-7243578 5351 | 3.729245? 5421 | 3.7349754 5491 | 3.7388592 
5242 | 3$-71$4$70 $302 | $+©244397 5352 | 347243253 5422 | 37341595 5482 | 3-73%93-0 
5243 | 3-7195798 5303 | 3-7245215 5353 | 3-7294078 5423 | 3-7342396 5483 | 3-7350182 
$244 | 3-7196629 $344 | 3-7245c 4 5354 | 3-7254588 $424 | 3-7343197 5424 | 37390574 
$245 | 3+7197455 5305 | 3-7245354 5355 | 37255597 5425 |] 37343997 5485 | 3-7391756 
es 3 es” f: : | vii a 
on 37198283 5306 3-7247572 | $360 3-7 2$55C9 5425 | 37344758 5485 | 3-7392558 
MBLDEEA Eo BEA ROE HE210}- |" 
249 | 3.7200755 $305 | 372 125. 5g | 372585 $420 hos 4 pt : _—_ 
4 3-7 2007 305 | 3725-127 1 | 5359 | 3-7258534 | | 5429 | 3.7347 158 5439 | 37394932 
"oe $*72CI593 | | $310 | 3-725: $45 | | $372 | 3+7<93743 5439 | 3-7347958 $459 | 37395723 
oe be S300 3-7251763 | | 5371 | 3-73c05s1' | | $431 1 3.7348758 | 5491 | 3-7355514 
a, = 203 47 way 0 tia 5575 Jo 7 9 ENTS 5432 | 3-7349598 $492 | 3+73$73-5 
"53 347204 74 5313 | 3-7253358 $373 | 3-7392199 5433 | 3-7359357 5493 | 3-7358- 96 
At 3-720450 1 $314 | 37254215 | þ 5374 | 3-7392677 5434 | 3-7351199 5454 | 3:73982885 
5039 $:720 5727 $315S | 547255935 5375 | 3-7303785 5435 | $-7351995 5455 | 3:73$5977 
= 3-7205553 ane $:72550 50 | 5375 3-73<45<3. | | 5435 | 3-735279 5465 | 347400457 
$2 2 3-7 20738) $317 | 3-7259097 $67 3-7 303400 $437 | 3-7353593 54<7 | 3-7401257 
_ Jo} 200200 5318 3-7257483 | 5378 3-73<62c<8 $433 | 3.7354322 | 5458 3-74©2047 
6b $7 NO YOTA ot lt dp $379 | 3-73c7015S 5439 | 37354190 | | 5459 | 3.749283? 

3-7 205857 $320 | 3.7255116 | 5380 | 3-7307823 | 544 | 3.7355983 | | $520 1 3.7 403625 

c 7 e501 


1 


4 


CHILIAS VI. 


Te Chilads of LocariTHms | 


N. Log. N. Log. | N. Log. N. Log. N, Log. 
022 = baile = === 
5$SOL | 3e7404416 $551 | 37451529 POSE: 3-7498135 5581 | 3.7544243 $741 | 3-753<87 5; 
5502 | 37405206 5592 | 3-7452319 [$522 37498993 5582 | 37545012 $742 | 3 7590632 
$$03 | $:7405995 5553 | 3-7453-90 5523 | 3-7495591 5583 3e7 545775 $743 | 3-75-1322 
$54 | 3+7406784 $554 | 37453871 5524 | 37529453 5984 | 3.7545541 |- | 5744 het pf 
$505 | 3+7407573 5$5s | 3:7454652 5625 | 3-7501225 5985 | 3+7547305 5745 | 557 $92$0- 
$505 | 37408362 5555 | 3:7455432 $526 3.7591997 5526 3+7543058 $745 | 3:7593655 
$507 | 3-74-5151 | {| $557 | 37455212 5927 | 347502759 5537 | 3.7542832 $147 | 397594412 g 
5508 | 3-7429939 | | 5558 | 3-7455992 5628 | 3.7503541 5588 | 3.7549555 5748 | 3-7595157 7 
5509 | 3-7410928 | | 5559 | 3-7457772 5925 | 3+7524312 5589 | 3.755-359 5749 | 3:7595523 : 
5510 | 3-7411516 | | 5579 | 3-7458552 5939 | 3-7595084 $990 | 37551123 5750 | 3-75: 6578 3 
22:5 i | Wars Sean Ra Tan ear ae ons ——_—  —— 3 
s5I1 | 37412324! | $571 | 37459331 5531 | 3-7595855 SOST | 3.7551885 5751 | 3-75$7434 ? 
$512 | $+7413092 | $572 | 3.745011 5532 | 5-7525920 5292 | 3.755254g $752 | 3-756818: 
5513 | 3-7413820| | 5573 | 3.7450390 5533 | 3:7597397 $993 | 3-7553412 $753 | 3-7598544 
5$14 | 37414658 | 5574 3-7 451570 5534 | 3-7598168 $094 | 3+7554175 3754 | 3:75595g3 
$515 | 3-7415455 | | 5575 | 3:7452449 5935 | 3-7508935 5995 | 3+7554937 5755 | 3:7900453 
— yy } | ans —  —— — — 
5515 | 3-7415242 $579 | 3-7453228 $535 | 3-7509710 $996 | 3.7555700 $786 | 34750126 
5$$17 | 3+7417030 $577 | 3-7454005 5937 | 3-7510480 5697 [3-7555452 $757 | 3:7501g62 
5518 | 3:7417817 $578 | 37454785 $938 | 3-7511251 $698 | 3.7557224 $758 | 375027517 
5519 | 3741864 | | 5579 | 37465554 | | 5639 | 37512021 5099 | 3-7557985 $759 | 3:7503471 
$520 | 3-7419391 5580 | 3-7455342 $540 | 3+7512791 $709 | 37558748 $790 | 3-750422g 
— — — —— —— — ms _ ——— C—_— GR —— — Cp — — — 
$521 | 3-7420177 $521 | 3745712 $541 | 3+751355 1 $721 | 3-7559510 5791 | 3-750497g 
5522 | 3+7420564 5522 | 3-74578g8 $542 | 3-7514331 $702 | 3.7560272 $752 | 3-7605732 
$523 | 3-7421750 | . |-5583 | 3-7458576 5543 | 3:7515190 $793 | 3-7561034 5753 | 3-75064865 
5524 | 3-7422537 5584 | 3-7459454 $544 | 3-7515870 5704 | 3+7561795 $754 | 3-75c7240 
5525 | 3-7423323 $585 | 3-7479232 5545 | 3:7516539 5705 | 37562556 $795 | 3-7507g93 
— mm $— — — COIIENP Et A I 
5525 | 3-7424109 | -| $586 | 3-747100g9 | | 5645 | 37517499 | | 57-5 | 3.7553318 5756 | 3-7508745 
$527 | 37424895 $587 | 37471787 $547 | 3-7518178 $707 | 3+7564079 5797 3-7509454 
5528 | 3+7425580 5588 | 357472554 $548 | 3.7518947 57-8 | 3.7564840 5758 | 3-75102g2 
$529 | 347426455 5589 | 37473341 $549 | 3-7519715 $709 | 3-7565500 5759 3-7511005 
5530 | 3:7427251 5590 | 3+7474118 $550 | 37520484 $710 | 3.7565361 $779 | 3-7611758 
5531 | 3-7428-35 5551 | 3-7474295 $551 | 3-7521253 $7IL | 3.7557122 $771 | 3-76I2511 
5532 | 3-7429822 $532 | 3+7475672 $652 | 37522021 $712 | 3.7557882 |- | $772 | 3-7613263 
$533 | 3+-7425607 | | 5593 | 3-7475448 $553 | 3+7522792 $713 | 3.7562642 $773 | 3-751401g 
$534 | 3-743C391 $594 | 3+7477229 5554 | 5-7523558 5714 | 3-7569402 $774 | 3-7514758 
5835 | 37431176 |- | 5595 | 3-7478001 $955 | 3.752432 S$7IS | 3.7 570162 $775 | 3-7615520 
' $5365 | 3+7431951 $599 | 3+7478777 5655 | 3.-7525c94 | | 5716 | 3.757 922 776 | 3.9515272 
$537 | 3+7432745 5597 | 3+7479553 5957 | 37525862 $717 | 3.7;571632 $777 | 3*7517-24 
5538 | 3-7433529 5598 | 3-7480329 $958 | 3-7525629 $7I8 | 3.7572441 5778 | 3-7517775 
$539 | 347434314 $595 | 3-74%11c6G $655 | 37527357 STIS | 3.75732C1 $779 | 3-7518527 
$540 | 3+7435098 56-0 | 3-7481880 5560 | 3-7528164 $720 | 3.7573960 5780 | 3.761$9278 
5541 | 3-74358271 55C1I | 3.7482655 $951 | 37528531 $721 | 3.7574719 | | $701 | $47" 2CCZ29 
5442 | 3»7436665 $6c2 | 3-7433431 5962 | 3+7525*55 $722-] 3.7575478 $782 3-7620761 
5543 | 37437449 $603 | 3-74842-6 5663 | 3+7530466 $723 | 3.7576237 5783 | 3-7521532 
5544 | 3+7438232 5504 | 3-7484g81 5654 | 3+7531232 5724 | 37575956 $794 | 3-7-22283 
5545 | 3:7439015 5505 | 3-7495756 5555 | 3-753I6SS 5725 | 3-7577755 5785 | 37523: 34 ; 
— — — —— Cn ms — —— es poem R——_—_— SETS» eee 
$545 | 3-7439759 | | $5c6 | 3.746531 5666 | 3.7532766 | | 5726 [| 5.5578513 | | 5726 | 3-7523784 
554” e744©582 $607 3+7487305 $667 3+753Z3J5$Z2 $17] | 3-7$76272 797 37924535 
5548 | 37441364 5508 | 3-7488<20 5668 | 3+7534298 5728 | 3.758- 030 5728 | 3-7625285 , 
5545 | 3-7442147 5605 | 37488854 | | 5555 | 37535054 5725 | 3-758-723 5785 | 3-7525C35 i 
$$5© | 3-7442930 $510 | 3-74®9629 $570 | 37535830 573 | 37581545 $750 | 3:75267865 
SSSI | 547443712 $STI | 37490403 $271 | 3+75355c6 $731 | 3.7582304 $791 | 3:7027536 
$552 | 37444454 $512 | 3.7491177 $972 | 37537362 $732 | 3.7<83- 62 $742 | 3-7*28285 
5553 | 3.7445277 5613 | 3-7491950 5573 | 3+-753?128 $733 | 3-75583219 5753 | 5$:7925035 
$5549 3-7446055 $514 $+745272} $974 3-75389903 $734 35758457 7- $754 37925785 
5555 | 37445841 5615 | 3-7453458 $675 | 37535655 5735 | 3-7585334 5755 | 3:7530534 
5555 | 3-7447622 $516 | 3-7454271 | { 5675 | 3.7540424 $739 | 3-75860g1 | | 5755 | 3-753 1284 
$557 | 5$-744*4c4 | | $517 | 3-7455044 $677 | 3-7541189 | | 5737 | 3-75858q48 | | 5757 | 3-7532<33 | 
5558 f 3+74491I85 $518-| 347465517 5678 | 3-7541954 5738 | 3.75875cg | | 5798 | 3.753782 
$555 | 3+7449567 $S*P9 | 3-74955c0 $579 | 37542715 | 5735 3-7588362 | | 579s$ | 37633531 
| $74- 1 3.750911 5800 | 3.793422 


5550 * 3.9450748 | | 5620 | 3-7457363 | | 5620 | 3.7543483 


CHIL14S FS: 


Ten Chiliads of LocaRlTHMS. 


ooo 
Log. N. Log. N. 
37535029 | 5391 | 367579717 £921 
$4098797 |. | CS TREInnnegp 1 15722 
3.75345 25 5353 | 3.753115) 5923 
3-7537274| | 5354 | 3-7631540 | | 5524 
3-7533022 53655 | 3-7032589 5925 
4.763377: ) $855 | 3-753342 5925 
3-7639513 5367 | 3.7584151 $927 
3-7649265 5868 | 3.7684501 5928 
3.7541914 5359 | 347585541 $929 
37541761 5870 | 3.7536331 5939 
37542509 5371 3.7537121 $931 
37543255 5372 3.7537850 $932 
3754493 5873 | 3-7588500 $933 
3.75447 50 | 5374 | 3:7539339 5534 
37645497 5875 | 3-7590075 5935 
3.7645244 58765 | 3-75g90808 5936 
3-7645991 5397 3-7591557 5937 
37647737 5878 | 3.7592295 5933 
3-7648483 5379 | 3-7693035 $939 
3-7649230 $380 | 347693773 5940 
37549976 5881 | 3-7594512 $941 
37660722 5882 | 3-7695250 5942 
3.755 1468 5383 | 3-7635988 5943 
37552214 5884 | 37899727 5944 
3:7652959 5885 | 3-7697455 $945 
3.7653705 5886 | 3.7698202 5545 
3.7554459 5887 | 3.7593940 5947 
3-7655195| | 5988 | 4.9699678 | | 5948 
37555649 5889 | 3.7700415 5949 
3.765568 5 58g0 | 3-7701153 $950 
4.7657430 | | 5391 | 3.7721890 | | 5551 
37558175 5292 | 3.7702527 $952 
37553920 5693 | 347703394 5953 
3-765956.4 5894 | 3.794101 5954 
3-7652409 5855 | 3-7704338 5955 
3-7551153 $895 | 3.7705575 5955 
3.7551897 5897 | 3.770631 5657 
3-7952541 5858 | 3.7707-48 5558 
3-7653385 5899 | 3.7707784 5959 
3.766412 5500 | 3.77<8520 560 
3.7554872 FOI | 3-7709250 $S6I 
3-7555515 $902 | Jo7709992 $562 
3.7665359 5993 | 3-7710728 5963 
3-7657 107 5904 | 3-7711453 5564 
3-7657345 5505 | 3-77 12199 5995 
3.7653 588 $906 | 3-7712934 $066 
3-26£9331 $907 | 3+7713570 $567 
$-7570074 5908 | 3.7714405 5968 
3-7670816 $Y09 | 3«-7715140 $969 
3-7671559 $910 | 3-7715875 $970 
3-7672301 5911 | 3-7715609 $971 
3-7673043 | | 5912 | 3-7717344 | | 5972 
3-7073785 | | 5913 | 3-7718075 $973 
3-7674527 $914 | 37719813 $974 
3-757 5259 S915 | 3-7719547 5975 
3-7676011 $$16 | 3.7720282 $976 
3-7576752 5c17 | 3.-7721016 5977 
3:7677494 $918 | 3.7721750 5978 
3-7678235 S9l9 | 3-7722423 | f 5979 
3-7678976 $920 | 347723217 5580 


CC 


Log. 


37723951 


' 3-7724534 


3+7725417 
$+772515” 
367725823 
3-77276515 
3-7723349 
3-7729082 
3-7725814 
*7739547 
3:7731279 
3-7732011 
$+77 32743 
«7733475 
$+77 34207 


37734939 


| 307735570 


| 367735402 


3-7737133 
37737864 
3-7735 555 
37735320 
3-7742057 
3-7740788 
37741518 
37742249 
37742979 


$+7743709 | 


3+77 44442 
$+7745170 
3-7745299 
3-7745529 
$+7747355 
3-7743c88 
3-77 4818 
$*774$547 
3+77 52275 

«7751005 
3775173} 
3-77 524902 


3.775311 
3-7753520 
3.7754648 
3-77 55379 


3-7755104 | 


37756832 
3-77 $7599 
3-77 58288 
3-77 59015 


37755743 


347790471 
3.7761198 
3e7791525 
3-7752652 

*7793379 


3.7764105 
37704832 
3-7765559 
3.776685 
3-7 767012 


— 


Log. 


3-7757733 
3-77538454 
3-7793190 
3-7 759915 
3:7772541 


3-7771357 
3-77 72092 
3-7772818 
37773543 
3-7774258 
7774993 
7775718 
75443 
77157 
77892 
3.7778516 
3+7779340 
37780065 
3.7780789 
3-7781512 


3: 

$477 
3-77 
$977 
$*77 


3-7732235 
3.7738 2560 
3-7783583 


37734407 


3-7785130 


3-7735853 
3-7786 576 
3-7787299 
3-7788022 
3-7783745 


3-7735457 
3-7799190 
3.775091I2 
3-7751534 
3-7792355 


347 078 


3- 775 Soatoo 


3+77 94522 
3+7755243 
3-7795$65 


3:-7756586 


3-77 57407 
3.7758129 
3+7758850 
3+7799570 


3.7800291 


3-7801012 | 


3+7801732 
3-7802453 
3-7303173 


3-7803893 
3-7804613 
347905333 
3.7806053 
3-7896773 
3-7807492 
3-78-8212 
3e78c8-:31 
3-780g550 


0 | 3.781035g 


— 


—- 


Log. 


$e7831171 


| 3-78329321 


3.78118307 
3-7812525 \ 
3-7313244 
3-7813$53 


3-7314581 
«731 $400 


3-7811c93 


3-7816119 
3-781583s 
3-7817554 


3.7818271 | 
3-78185929 
3e7815757 
3-7820424 
37221141 
3-7821859 
37822575 
3-7823253 
3.7824009 
3-7324725 
3-7825443 
3-7825159 
3-7826875 - 
3-7027592 
3-7828308 


3-7825024 
3-7825749 
3-7830455 } 


3-7831887 | 
3-7832602 | 
3-7333318 
3-7334033 
3-7534748 
3-7835463 | 
3-7835178 
3-7235892 
3-7837507 


II IE 
LA Me 4 


3-7835035 
3-79 39759 
3-7840454 
3-7841178 
3-7841892 } 
3-7842605 
On | 
3-7243319 
3-7344033 
3-73844745 } 
3-7845450 
3-7845173 


3-7845836 | 
3-7847599 
3-7848312 
3-78490-24 
3-7845737 
3-738 50449 
3-7251162 
3 7851874 
3-72842526 


— 


3-78532-8 


q 


6197 


FHILIAS FTE 


_— 


| M S. 
Fs hiliads of LOGARITH 
+» Tan Chili 
__ 
ES ADs bs | N. | Log | Hes a "of 
el | Lw * | $284. | anptoand pet; $0 280977 
— N. | © mw waged F-ala. T 0342 | 3.2-22252 
N. Log. | s : $221 | 3 FEM 2 5282 | 3-798 917 6343 | 3-2022947 
mg S191 MIESOSEL 0222 { 3 1999, 5233 | 3-7581570 6348 | 3-8023522 
6101 |3.7254510 5152 $3597 207 5223 | 3 1939290 5284 | 3-7552362 5345 | 3-8-24315 
6102 | 3.7354722 6153 | 3-7897222 5224} 3 FRO 9235 | 3-79239253 4-56: 4; Set OM 
2 2 73523525 - «7541353 | EI 
6103 | 3-72 55434 5s 14 $4:>4<dt ' a Eo ITY 5345 | 3-2025001 
5104 | 3-7255145 5155 | 3-735533 —_— OY 5235 | 3.7583744 6347 3-902558g 
6105] 3 1855357 —_— LASERS 6225 £4 44a 5237 3-753 4435 $210 3-3:2535g 
5155 ©, 5227 | 3:7542783 5223 | 3-7: 85125 5349 3-3027083 
5106 | 3.7257558 $167 | 3-19-0739 5228 | 3.794343 5233 | 3:7585315 6352 | 320477939 
9107 1 3-7099279] | 4. 37921444 5229 | 3-7944183 52592 | 3.75855 -5 bs 5 linac] 
0 TOI ado | a7coary 523> | 37944830 5351 | 3.8 28421 
6109 | 3.785571 6170 | 3.732852 —— x 5261 37537197 5352 | 3-802910; 
5110 | 3.735412 OO 5231 37545577 2252 | 3.758788 6353 | 3.2225785 
ode >» | | Say | 6 244504 By 24D 37545274 "293 | 37583577 6354 | 5.8532472 
5111 | 3.7851123 | 6172 5198-4099 5233 | 57942971 9254 | 3.7589257 5258 | 3-3031155 
S112 3-7851833 6173 379945993 $234 3.7947 658 9255 | 3-75859357 oh 105 ALEZ ASE 
ens (37032544 ] | 5174 29 5nns | | 6235 | 3:7548354 bins þ IG 6355 | 3.3031835 
$124 | 37293254 (olds | 3.750637 pagpy ena, 7 PHI Pare 6357 | 3832525 
6115 | 3.7853355 Hs $236 | y TEANOOS 9257 | 3+7951337 6353 | 3.203325 
— T= 6195 $4 aka 237 | 3+7945757 5258 992029 6359 | 3.8033223 
6116, | 3.7264575 6177 ei 4h 5233 | 3-7552454 9299 | 3-7952715 6350 | 3.8034571 
6117 | 3.7865385 6178 | 379 REP 5239 3-7951152 5300 | 3.79934:5 3 SPE AGSS 
5118 3-78550g95 6179 | 37909122 5240 | 3-7951845 OE Te 5351 3-8C35254 
S119 | 3-7865904 | | 22 TEINS IE 5301 | 347994995 6352 | 3.8035537 
6120 | 3.7867514 {SURE 1 0241 |} 3-7552542 5302 | 37934784 $353 | 3.8036519 
5181 37910587 5242 | 37553233 5303 37995473 6354 3-8037302 
6121 37858224 $182 | 3-7911250 5243 $*7953933 5304 | 37995152 5355 3-2037584 
6122 | 3.7868933 5183 $79 11992 5244 | 37954529 5205 3-7595951 art mag 
5123 | 3.7855642 5184 | 3.7512655 S245 | 37555324 — mn $355 | 3.8038655 
60124 3+7870352 6185 $+7913397 53056 3*75 7542 6357 3-2035348 
5125 | 37871061 — 6246 | 37555020 6307 | 3-7:98228 6358 | 3.804030 
— 5185 -64,42,94.44 6247 3-7959715 63c8 | 37958917 5359 38040712 
6126 | 3.7891770 5187 3-7914501 6248 | 3.7557410 5309 | 3.7599605g 6379 3804134 
6127 | 3.7852479 5188 $:79155-5 - 1 £249 | 3-7558105 6310 3.920293 Sr Ole 
5123 | 3.7893187 6189 | 3.7915205 9250 | 3Ze7y528-c 6371 | 2.8 42076 
6129 3-7073956 6150 | 3.75915506 — | Ss, 5311 | 3.8:c0g82 6372 | 3.842758 
5139 | 347294595 | 2 $251 | 397555455 6312 | 3.8501570 6373 | 3-8043439 
ac Gwa "IG1 PRTEN® 9252 | 3.796015: 5313 | 3.3:02358 6374 | 3-2044120 
6131 | 3.7275313 6192 | 3.7513309 6253 | 34795 894 >314 | 3.8003-45 5375 38044802 
5132 | 3.785521 6193 3-79 19011 5254 | 3-7551579 S315 | 3.3003733 ied df Sel 
5133 37975739 6194 $+7\-19712 5255 3+7992273 Gate 6375 38045483 
6134 3+787743 6195 $*7920413 — 6315 3-8 194421 6377 3-2045194 
6135 | 3-7878145 — 2259 | 347952567 5317 | 3.805105 6378 | 38045245 
_ 5196 | 3.7921114 5257 | 3-7553561 5318 | 3.055706 baba 3.8047525 
6135 | 3-7878253 6197 ads 6: 5258 | 3:7954355 331g | 3.2c06483 5380 3.8048 207 
6137 | 8-7279551 5198 ſe 9259 | 3+7555045 320 | 3.2007171 Se 
o139 | $7999299 1 1 545; _ {Ada 99 | 3-7555743 nes 6381 | 3.804228” 
£139 | 3-7880g75 5200 $+7923917 — | — 6321 | 3.80572 58 5392 3.349558 
5140 | 3-7381584 {A IEARII*IN 5251 | 3.7956.437 6322 | 380.8545 5383 3.805-248 
— : 5201 37924917 5:02 | 3.7567131 6323 | 3.8009232 6323 3.2054529 
6141 3-708 2351 9202 | 3.7525318 1263 | 3.79678 24 6324 | 3.8-05915 6385 2.80515cg 
5142 | 3.782 3098 9203 -| 347925013 5204 | 3.7568517 þ 5325 | 3.8010505 als Y 
5143 | 3-7883805 2204 | 3-7925718 0205 | 3.795g211 as 5385 | 2.352289 | 
5144 | 3-7884512 *205 | 3-7927418 | mms 6325 | 3.8011292 6387 | 3.8052559 ; 
145 1500509] 12 8 | | $5265 | 3-7559504 | | 6328 OL 150! 1805954 
— = , 6205 | 3.7928118 5257 | 37579557 5328 | 3.8012565 5385 | 3.8054325 
5145 | 3.788 5925 ©207 | 347928817 9205 | 347571250 6329 | 3-8c13351 bed 2.805508 
6147 | 3.7885632 5208 | 347929517 62659 | Z-7571583 6339 3.201403 446i; KO 
51.3 | 3.788733 5209 | 3.7932216 5270 | 3.7572575 pw] 5201 | 2.8046588 
Clap | 3-7905045 | | 2-2 3-7930915 5331 | 3.2014723 6352 | 3.8055358 
6159 37383751 ey 0271 3-757 3358 5222 | 2.3 15403 5353 28 567047 
- S211 | 3.7531615 9272 | 3.7574050 $224 3.015095 hag 3.057725 
#8294457 x f 4 99991 3 6354 | 3 
6151 | 3.78 9497 S212 | 3:70932314 0273 | 347974753 6334 | 3.8015"8 6396 2.80584-5 
Gi52 ht Cab, 6213 $*1/33215 - | 5274 | 3-7975445 9335.| 3.8: 17495 Ea h 
6153 | 3.725865 T4 137933702 [1 714 $-7579037 | I} 2555 7 SCTION 5356 | 3.8059:84 
0154 | 3. [25095 »S15S | 307934411 —— 5335 | 3.8018152 5357 320557653 
5155 | 3-79 $2280 — F.. 9270 | 3.7576829 6337 | 3.801283 6398 | 3-2c60442 
— 6.6 9215.1 3.793510 9277 | 3-7977521 6338 | 3.2019522 6309 | 5.861121 
£155 3-70 92506 $217 | 37535809 6278 | 3.7578213 220 38020207 wh ih 3.8 5180c 
G1 $7-4+ Y 7893091 $218 3-7 $39 507 5279 Z-75785c $ pa 2.202. 8 C2 | 94 y 
5158 3-7254397 9219 | 3.7937205 5220 Z*7$75559 54 i — 64-1 
5155 3o70551<2 6220 | 3.7+375-4 
5190 | 3.785587 
SP BIWs:>ot 


CHILIAS VIL 


Ten Chiliads of LocarliTHMSs. 


—__ 


3+3062473 
38063157 
3e-9053835 
3-3054513 
3-3065191 


3.8065869 
3.8055547 
38057225 
3.8067903 
38068580 


38069258 
38059935 
3.8070512 
38071239 
3-8071967 


38272643 
38073320 
38073997 
3-8074574 
38075350 


3.8075027 
38076703 
38277379 
3.80780gg 
38078731 


38079407 
38080083 
38080759 


38091434 
3.8082110 


$.8082785 
38083450 
38084135 
38034810 
3-8085485 
3-2085150 
3-803583g 
38:37510 
48-32184 
3.208859 
3-2039533 
3.8090207 
3.8090831 
38091555 
3.3C92229 
—— — 
3-8092903 
38093577 
3-809425 > 
3-38094924 
3 = viondd 


ee eee meet 


wotans) 
32096943 
3.39975 17 
3-3098250 
3-2008552 
3-809g635 
3-8 100308 
| 2-81c0g90 
3-8101653 
COD] RELaLINg 


| 
| 


9 —— 


Log. 


3-5102997 
3.810369 
3-8104341 
3-310g013 
3-8105685 
3-8106357 
3e-8107c 23 
3.8107700 
3-8103371 
3.8 109943 
3-8109714 
3.811033 g 
3-3111055 
3-8111727 
3.-8112398 


3-3113048 
3-8113739 
3-8114409 
3-8115080 
3.8115750 


3-3115420 
3-81170g9 
3-8117760 
3.8118430 
3-8119100 


3.8119759 
3-8120439 
$+-3121108 
33121778 
3-8122447 


3-8123115 
3-312378g 
3-8124454 


3-8125123 | 


3-8125791 


3.8126450 
3.3127129 
3.8127797 
3.812845s 
3-8129133 


3.8125802 
3-813c470 
3.3131137 


| 3-8131805 


3-8132473 


3-2133140 
3-21338208 
3-38134475 


3-8135143 
3-81352810 


3-8135477 
3.3137144 
3-8137811 
3-81338477 


338135144. 


3-38135811 
3-8140477 
3-38141143 
3-8141810 
3-8142476 


Log, 


3.8143142 
3-3143893 
3-3$144474 
3-2145139 
3-3145805 


3-8143467 
3-38149132 


3-3145797 
3-8150452 
3.3151125 
3-38151791 
3.8152455 
3-8153120 
3-3153785 
3-3154449 
3-2155113 
3-8155777 


3-38156441 
3-8157105g 
3-8157759 
3-3153433 
3-8159095 
3-8159760 
3-2 150423 
3-8151087 
3-8151750 
3-8152413 


—— 


3-8163076 
J-2163739 
3-8154402 
3-3155064 
3-2165727 


I rr mmm mn mn nm 


3-8155389* 


3-8157052 
3-38167714 
3-2 168376 
3-8159038 


3-8159700 
3-8170352 
3-8171024 
3-8171586 
3-8172347 
3-8173009 
38173670 
3-8174331 
3-8174993 
3.8175654 


3-8175315 
3-8175975 
3-8177635 
3-8198297 


' 3-8178g57 


3.815618 
3-8180273 


3-8180939 |. 
3.3181599- 
38182259 | 


Log. 


' 3-8182519 


3-8183579 
3-3484238 
3-38184898 
3-S185558 


3-8186217 
3-81868797 
3-8187536 
3-2183 rg5 


eee 


38185513 
3.8 190172 
3-8190331 
3-8191489 
3-8192148 
3.8192806 
3-819345s5 
3-8 194123 


3-3194781 


3-38195439 


3.8196097 
3.819675 
3.8197413 
3-8158071 
3-8193728 


3-8199385 
3-8 200c43 
3-8 200700 
3-8201357 
3-8202014 


———_—. 


38202671 
38203328 
3-3203985 
3-8204542 
3-32-5298 
38205955 
3-8205611 
3-3207268 
363 207524 
3-8208 520 


3-8209236 
3-38205892 
3-8210547 
3-8211203 
3-8211859 


3-3212514 
3-3213170 
3-8213825 
3-2214480 
3.38215135g 


3-8215790 
3-821644g 
3.3217100 
3-821775g 
3-821840g 


3.2219064 
38219718 
3. 8220372 


3. 8221681 


— 


Q\ 

oN 
A 

(*) 


6599 
6700 


RY Att. a Mend dh th 


3.8222335 | 


3-8222589 
3-8223642 
3-8224296 
3-8224550 
3-82256903 
3-$225257 
3-8226g10 
3-8227553 
3. 82282165 


3-8228859 


3.8229522 
3.9230175 


| 3.8230828 


3-8231480 
3692321 33 
393 232785 
35233438 
3.8234090 
3-8234742 


3-8235394 
3-8235046 
3-2236698 
3-8237359 
3-2238001 


3 8238653 


3-32359304 
3-8235956 
3-8 240607 
3-3241258 


3-8241509 
33242560 
3-3243211 
3-3243862 
3-3244513 


3-8245153 
3-2245314 
3-3245464 
38247114 
3-8247765 


3-224841t5 
3-824906g 
3-3245715 
3-225035 4 


' 3-8251014 


3-38251654 
3-382523147 
3-825256J 
3-8253612 
3-825426t 


3-8254c10 
3-8255559 
3-8255208 
3-8256857 
3-8257506 
hee ett coats 


3-325815 
3- 2258804 


3-3259451 
3.2260100 


3. 8260748 | 


—  ——. 


5704 


_— 


Ls. ut —_ 


_— 


——— 


—y 


CHILIAS VIL 


i. i. Alte. 


Ten Chilmads of Locar1THMS. 


N. 

6701 
6702 
6703 
6704 
6705 


6706 
6707 
6708 
6709 
6710 


6711 
6712 
0713 
6714 
6715 


6715 
6717 
6718 
6719 
6720 


6721 
6722 
6723 
6724 
6725 
6725 
6727 
6923 
E729 
6730 
6731 
6732 
5733 
6734 
6735 


— —— 


6736 
6737 
6738 
6739 
6740 


6741 
6743 
5745 


$746 
6747 


| 5748 


6749 
6750 
6751 
6752 


| $753 


754 
5755 
þ ——— 
27.56 
$757 


2759 
$ Gas 


6742 


9744 


6758 | 


Log. | 
m—_ | 
342251356 | 
3-8252044 
apy wr 


3-8257872 
3.8258515 
3.8259156 
3-82593813 


'3-8270460 


3.8271107 
3-8271753 


3-8272.400 | 


3-38273245 
3-8273593 


3-2274339 
3-8274585 
3-8275631 | 
3-8276277 
38276923 


3-3277569 
3.9278214 
3-32978850 
3-827550s 
3-8280151 


3.8282756 
3.2 281441 
3.8232236 
32282731 


3-22833759 | 


3.3 290463 
3-8201107 


'3-82G1751 


32252394 
3.8263038 
3-2 203681 
3-2 294324 
3+© 254957 
3.8255510 
3-8256253 


3.8 296856 
3-8£257539 
3-2 258182 
3.C 268824 
3-0 295407 


. 
ee AA I 


3-8303320 
3e-8303c52 
3.8304503 
3-2395245 
3.8305887 


3.8305523 
3.83>7169 
3-8307811 
3-33-8452 
3-23-9093 
32305734 
3-8310375 
3-8311016 
3-2311655 
3-8312257 


3-8312937 
3-8313578 
3-8314218 
3-8314853 
3-8315498 


3.2316136 
3.8316778 
$-8317418 
38318058 
$03 p9658 


3-8315337 
3-5 319977 
3+e320615 
3e8321255 
3-8321835 


3.8322534 


$032 eglg 
3-2325557 


6879 


—__@p 2 


WW a VV py ww 


—_ __—_ _ 


3.3 diy 
3-83422 

3-3 342 tas 
3-3343571 
3-3344207 


Do ——— 


3-5 344543 


2 us 99 2 W 
oO Coo © © 


& 
| 


oo © & © © 


$+3373359 
3-837 35g0 
3+© 374022 
5* &37 /$=55 


580 | 3837520 


£831 | 3-3375g15 


5882 
5333 


6284 | 


5835 
6385 
5387 
62883 
588g 
6899 
6851 
6392 
6893 
6294 
5895 
6895 
0897 
6898 
6399 


5 $00 


| 


4 


v9 Wo Wo ho 9 


Log. 


1 - - ay an 


Wo Www Wy WW 


WW Www 


| 


3. 8396555 
3-8347294 
3-2 397922 
3-83598550 
3-8359178 
3-: 395805 
3-8400433 
3-8401001 
3-24016e8 
3-£492319 


ets 

354 0545 
2.841250; 

38413555 


3-2415223 


| 3-2419248 


— 
3. 84204 172 
3-8421c58 
Zo» 8421 722 
3-8422347 
Zo 2422571 
EE —— 
3-8423556 
38, 424220 
3+ 5424844 
3- pat age 
3-24250g2 
3-8426716 
3-84 27340 
3-2427564 
3. 8428 528 
3+2429211 
3-8425835 
3-£430458 
3-8431081 
3-£431705 
3-8432328 
3-8432951 
32433574 
3-8434157 
3-8434815 
3-2435442 
3-8435055 
3.8435587 
38437310 
38437532 


3-8438554 


3-844-420 
3-2 441042 
3-8 441564 


38442256 
3-8442507 
3-34 43529 

3-3444150 
3-84447 72 


3-8445393 
3-2445014 


| 3-8445935 


| 3.8447259 


32447977 


—_— 


32443458 
3-2 445119 
3 8445739 
3.2 .45-350 
3-845-980 


—_ 


— 


7-1 


N, Log, N. Log. N. Log. N. Log. |, Log. 

1 | 3.8451500 7061 | 3-34383652 7121 | 343525410 7181 | 3.8551349 7241 38597985 þ 
9 38452221 7062 | 3.8485277 7122 | 3.8525020 7182 3-2562454 7242 3.8 598585 
4003 3.8452841k 7063 | 3-3489892 7123 | 3-2525529 7183 3-8853059 7243 3-8559185 
2094 | 3-8453451 7054 | 3:8490507 | | 7124 | 3-3527239 7184 | 3.8553563 7244 | 3-8599794 
; 9905 38454981 7055 | 3-8491122 7125 Ts + 7885 | 3-3 564268 7245 3-8500384 | 
1 [1oos | 338454701 | | 7055 | 3.8491735 | | 7125 | 3.8528458 7185 | 3.8554872 7246 3.8509g83 | 
9007 | 33455321 | | 7957 | 38492351 | | 7127 | 38525057 7187 | 3.856547 7247 | 3-8601583 
n 38455941 7058 38492955 7123 | 3.8529677 7188 | 3.855508 1 7248 3.8502182 
| [100g | 38456561 | | 7059 | 38493580 | | 7129 | 38530285. | 7189 | 3.855558 5 7249 | 3-8602781 
* [1010 | 38457180 | | 7070 | 3-8454154 | | 7130 | 3.8532895 | | 7199 | 3.8567289 7250 | 3-8603380 
; -011 | 3-8457800 | [ 7071 | 3.8494308 7131 | 38531504 7191 | 3.8557893 7251 | 38503579 
} [jor2 | 38458419 | | 7072 | 3.8495422 | | 7132 | 58532113 7192 | 3:8568457 7252 | 3-8604578 
| |yolg 38459038 | 7073 | 3.8496035 7133 | 3-8532722 7193 | 3-855g101 7253 3-8605177 
| [1014 | 38459658 | 7074 3-8496550 | [7134 | 3-8533331 7194 | 38569704 7254 | 3-8595775s 
jo1s | 38460277 | | 7075 | 3-8457254 | | 7135 | 3-38533949 7195 | 3.8570308 7255 | 38606374 
jo16 | 3-84608g6 | | 7676 | 3-8497878 | | 7135 | 38534548 | | 7196 | 3.8570911 | | 7255 | 3-$505973 
1017 | 3-8461515 3-8498492 7137 | 3-8535157 7197 38571514 9257 | 38607571 
jor8 | 38462134 | | 7078 | 3.8499105 | | 7138 | 3.8535755 7198 | 3.857211 7258 | 3.8608170 
jolg | 3-8462752 | | 7079 | 3-8499719| | 7139 | 3-8535374 | | 7199 | 3.8572722 7259 | 3-86087658 
1020 | 3-8463371 | | 7080 SIO$33. 7140 | 38536982 | | 7200 | 3.8573325 7260 | 3-8609356 


————o—ue———_ —(—\ | — 


ht... Aa 


«I 

O 
I 
I 


— oem 


Es Cy 


1021 | 3-8463990 | | 7081 | 38500946} | 7141 | 3.8537590 7201 | 3.8573928 7261 | 3-8609964 
9022 | 3-8464508 7082 | 3.8501559 7142 | 3.8538198 7202 | 3.8574531 72652 | 3.8610552 
9023 | 3-8465227 | -| 7083 | 3.8502172 7143 | 3-4538305 72903 | 3.8575134 263 | 3-8611160 
9024 | 3-8465845 7084 | 3.350278g 7144 | 38539414 7204 | 3.8575737 | 7264 | 3-8611758 | 
1025 | 3-846645z | | 7085 | 38503398 | | 7145 | 3-8540022 | | 7205 | 3.8576340 7255 | 3-8612355 
[1025 | 38467081 7086 | 38504011 7145 | 3.854-630 7206 | 3.8576942 7266 | 3-8612954 
- [1027 | 38467599 | | 7087 | 3.8504624 | [7147 | 38541238 7227 | 3-8577545 7267 | 3.8613552 
9029 | 38468317 7088 | 3:8505237 7148 | 3.8541845 7208 | 3.8578148 7268 | 3-8614149 
jo2g | 3-8468935 | | 7039 | 3-850g850 7149 | 3-8542453 7209 | 3.8578750 7469 | 3-8614747 | 
1030 | 3-8469553 7090 | 3.8 505452 7150 | 3.9543050 7210 | 3.8579353 7270 | 3.8615344 þ 


| 


17031 | 38470171 7091 | 3.855707g 7151 | 3.8543653 7211 | 3.8579955 7271 | 38515941 
7032 | 38470789 7092 | 3-8507587 7152 | 3.98544275 3-8580557 7272 | 348616539 
1033 | 3.847 1406 7093 | 3485-8259 7153 | 3:8544882 7213 | 3.8581159 7273 | 3-$617136 
1034 | 3.8472024 | | 7994 | 3.8503g12 7154 | 3-8545489 7214 | 3.8581761 7274 | 3-8617733 | 
35 | 38472641 | | 7095 | 38509524 | | 7155 | 3.8545095 | | 7215 | 3.3522353 7275 3-6618330 | 
7036 | 3.8473258 | | 7056 | 3.8510136 7155 | 3.8545703 7215 | 3.8582g955 | | 7275 | 3-8618929 
7937 | 3.347387 5 7097 | 3.8510748 7157 | 3.8547310 7217 | 3.8583557 7277 | 3-8619g24 
10;3 | 3.8474453 7098 | 3.8511360 7158 | 3.8547917 7218 | 2,8584159 7279 | 3:8520120 
1039 | 3.8475110 7099 | 38511972 | | 7159 | 38548524 7219 | 3.8534770 7279 3-262c719 | 
1940 | 3.8475726 | | 7100 | 38512583 7160 | 3.3549130 7220 | 38585372 7280 | 3.85213r4 
3-2476343 | | 71-1 | 38513155 | [7151] 3.8545737 | | 7221 3-8585973 | | 7281 | 3.8521510 
| 3-8476960 7102 | 38513207 7162 | 3.8550343 7222 | 3.3586575 7282 | 38522507 
38477577 | | 7103 | 3-8514418 | | 7163 | 3.8550949 | | 7223 | 3.8589195 | | 7283 | 3.86:3103 
3-8478153 7104 | 3.8515 29 7164] 348551556 7224 | 3.8587797 7284 | 3.8623699 
3-8478810 7105 | 38515641 7165 | 3.8552162 7225 | 3.8588378 7285 | 3.8624295 
3-84759426 7106 | 3.2516252 7156 | 3.8552768 7226 | 3.8588999 7286 | 3.8624894 
3-248ccq3 7IC17 | 3.8516863 7157 | 38553374 7227 | 3.8589580 7287 | 3:8625488 
3-848c559 7108 | 3.8517474 7168 | 3.8553980 7228  3.85g0181 | 7288 3-8526084 
32491275 | | 7109 | 2.8518085 | [7159 | 3.8554585 | | 7229 [ 3.8590782 | | 7289 | 3.862657g 
3.3481891 7110 | 3.85185g6 7170 } 38555191 7230 | 3.8591383 7290 | 3.8627275 
3-8482507 7111 | 3.8519307 7171] 3.8555797 7231 | 3.855g1984 7291 | 3.8629871 
3-8423123 71k2| 3.8519917 7172] 3.8555403 | | 7232 | 3.8592584 7292 | 3.85628457 
| 3-8483739 | | 7113 | 3.8520528 7173] 3.8557008 7233 | 3.8593185 7293 | 3.8629061 
3-8484354 7114] 3.8521135 7174] 3-2557514 7234 | 3.8553785 7294 | 3-8625657 
3-8484570 7115s | 3.8521949 7175 | 3-8558219 7235 | 3.85c4385 7255 | 38530253 


— nutmeg mmm — þ — nm — } 


I 
M 
_ 
» 


y—_ 


— — 


38485586 | | 7116 | 3.8522359 | [7175 | 3.8558824 | | 7235 | 3.8594585 | | 7295 | 3.85630848 | 
| 3-8485201 7117 | 38522550 | | 7177 |'3.8555429 3-2595585 | | 7297 | 3-8531443 
3.84858165 7118 | 3.8523580 | | 7178 | 3.8560034 7238 | 3.8556185 7258 | 3.8632038 |þ 
3-84 $7432 | 7119] 3.85344150 | f 7179 | 3.8560639 | 17239 | 3.85957585 | 7299 3-35 32634 | 
3-2488047 7120 | 3.8524800 | \ 7180 3-8561244 | 7249 | 3.8559385 7300 1 3.8633229 
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CHILIAS VI. 


a—_— CO. __ 


| 
Ten Chiliads of L oGariThms. 
N. Log. | N. Log. N. Log. N, Log. N. | Log | 
— ms CnmnES INGO Os nia — ——— 
9301 | 3.8533823 | | 7351 | 38559368 | | 7421 | 3+3704524 7481 | 3.8739595 | | 7541 | 38774289 [ 
7302 3.8634418 7362 3.8559958 7422 3-8705209 7432 38740177 7542 3-8774865 
(7393 | 38635013 7353 | 3-8670548 | | 7423 | 3-8795795 7433 | 3-8740757 7543 | 3:8775441 
7304 | 38635608 | | 7354 | 3-8671138 | | 7424 | 3-8705380 7484 | 3-8741338 7544 | 38776017 
7305 | 3.8636202 7355 | 3-8671727 7425 | 3-3706964 7485 | 3-8741918 7545 | 3-8775592' 
— —_—_— Las mah — 
7306 | 38636797 | | 7355 | 3-8692317 | | 7425 | 38707549 | | 7435 | 3-8742498 | | 7545 | 38777168 
7307 | 3-8637391 | | 7357 | 38672907 | | 7427 | 38708134 7437 | 3-8743078 7547 | 38777743 
7308 | 38637985 | | 7358 | 3-8673456 | [7428 | 3-8708719 | | 7488 | 3.8743558 7548 | 3-8778319 
7309 | 38538580 | -| 7359 | 3-8674085 7429 | 3-8709303 7489 || 3-8744238 7549 | 3-87788gg 
7310 | 38639174 | | 7379 | 38674575 7439 | 3-8709888 7499 | 3-8744818 7559 | 3-8779454 
7311 | 38639768 | | 7371 | 3.8675254 | | 7431 | 38710473 7491 | 3.8745398 7551 | 3-8780045 
7312 | 3.8640362 | | 7372 | 3-8675853 7432 | 38711057 | |.7492 | 3.8745978 7552 | 38780620 
7313 | 3-8640956 | | 7373 | 3-8575442 | | 7433 | 38711641 7493 | 3-8746557 7553 | 33781195 
7314 | 3-8641549 | | 7374 | 3-8577031 7434 | 3-8712225 7494 | 3-8747137 7554 | 3-8781779 
7315 | 38642143 | | 7375 | 3-8677520 | | 7435 | 3-8712810 | | 7495 | 38747716 7555 | 38782345 
7316 | 3-8642737 7376 | 3-8578209 | | 7435 | 3-8713394 7496 | 3.87498 296 7556 | 3-8782919 
7317 | 3-8643330| | 7377 | 3-86738798 7437 | 3-8713978 7497 | 3-874887s 7557 | 38783494 
7318 | 386435924 | | 7378 | 3-8679385 | | 7438 | 3-8714552 7498 | 3-8749454 7558 | 3-3$784059 
7319 | 38644517 | | 7379 | 3-867997s| | 7439 | 3-8715145 7499 | 3-8750033 7559 | 3-8784543 
7320 as maar] 7380 | 3.8680564 7440 | 38715729 7500 | 3.8750613* 75650 | 3-8785218 
7321 | 3-8645704 | | 7331 | 3.8581152} | 7441 | 3-8716313 7591 | 3.8751192 7561 | 38785792 
7322 | 3-86465297 7382 | 3.8681940 7442 | 3-8716397 7502 | 3.8751770 75652 | 38786367 
7323 | 38645850 | | 7333 | 3-8682329 | . | 7443 | 38717489] | 7593 | 3.8752349 7563 | 3-8786941 
9324 | 3-8547483 | | 73% | 38682917 | | 7444 | 38718064 | | 7524 | 3.8752928 1554 | 38787515 
7325 | 3-8648076 | | 7338s | 3.8683505 | | 7445 | 38718547 7505S | 3-8753507 756s | 3-2788085 
7326 | 3.8648669 | | 7385 | 38684093 7445 | 38919230 75c6 | 3.8754086 7565 | 3-8788653 
7327. | 38649262 | | 7337 | 3.8684581 7447 | 38719813 7507. | 38954564 7557 | 3-8789237 
7328 | 38645855 | | 7398 | 3-8685259 7448 | 3.8720397 7598 | 38755243 7568 | 3-8789811 
7329 | 3-8650447 | | 73% | 3-8535857 7449 | 3-8720980 7509 | 3.8755821 7569 | 3-8750385 
7330 | 3-8651040 7390 | 3-8686444 7450 | 3.8721563 7510 | 3.8756359 1570 | 38790959 
7331 | 38651632 739} | 3.8587032 7451 | 3-8722146 7511 | 3.8756978 7671 | 3-8791532 
7332 | 3-$652224 | | 7352 | 3-8687615 7452 | 3-3722728 7512 | 3.8757555 7572 | 3-8792106 
7333 | 3-8652819 | | 7393 | 3-8688207 | | 7453 | 3-8723311 7513 | 3-8758134 7573 | 38752679 
7334 | 3-8653499 7394 | 3-8688754 7454 | 3-8723894 7514 | 3-8758712 7574 | 38793253 
7335 | 3-8654001 7395 | 3-8689382 7455 | 3-3724476 71515 | 3-8759290 7575 | 3-8793826 
7336 | 3-8654593 | | 7395 | 3-85895695 7456 | 3-8725059 7516 | 3.8759868 7576 | 3-8794400 
7337 | 3-8655185 | | 7397 | 3.8690556 7457 | 3-8725641 7517 | 3.8760445 7577 | 38794973 
7338 | 3-8655777 | | 7398 | 3.8691143 7458 | 3.8726224 | | 7518 | 3.8791023 7578 | 3-8795545 
7339 | 3-8556369 73$9 | 3-8691730 7459 | 3-8725806 7519 | 3.8761601 7579 | 38796119 
7340. | 3-8656960 7400 | 3-8652317 7460 | 3.8727388 7520 | 3.8762198 7580 | 3.87596692 
7341 | 3-8657552 7491 | 3.8652904 74651 | 3.8729970 7521 | 3.8762756 7581 | 3-8797265 
7342 | 3-8658144 7402 | 3-85653491 7462 | 3.$728552 7522 | 3.9763333 7532 | 3-8797838 
7343 | 3-8058735 7403 | 3-8694077 7463 | 32729134 7523 | 340763911 7583 | 3-8758410 
7344 | 3»-8659327 7424 | 3-85654654 7454 | 38729716 7524 | 3.8964488 7584 | 38758933 
7345 | 3-8659g18 7495S | 3-8655251 7455 | 38730298 7$25 | 3.8765065 7585s 38799555 | 
Em 2 —————— | —— — Cm— — ——— = 
7346 | 38660509 | | 7495 | 3.8695837 | | 7466 | 3.8730880 | | 7525 | 3.8765642 | | 7585 3-8800128 
7347 { 3-8651100 7407 | 3.8696423 74657 | 3.8731451 7527 | 3-8766219 7587 | 3-8800701 | 
7348 {| 3-8661691 7408 | 3.8699010 7468 | 3.8732043 7528 | 3.8755796 7588 | 3-8801273 
7349 | 3.8662282 | | 7409 | 38657556 | | 7469 | 38732624 | | 7529 | 38767373 7589 | 38801845 
7350 | 3-8662873 7410 | 3.8658182 7470 | 3.873326 7530 | 38757950 7550 | 3-8802418 
7351 | 3-8563464| | 7411 | 3-2658958 | | 7471 | 389337587 | | 7531 | 3.8758525 | | 7591 | 38802999 
7352 | 3-8664055 7412 | 3.8659354 7472 | 3.8734369 7532 | 38769103 7592 | 3-8803552 | 
7353 | 38664646 | | 7413 | 3.8659540 | | 7473 | 38734950 | | 7533 | 3-8755680 | | 7553 | 33804134 
7354 | 38665236 | | 7414 | 38700526 | |7474| 3-8735531 | | 7534 | 3-8770256 | | 7594 3-88047c6-þ 
7355 | 3-8665827 | | 74's | 387501111 | | 7475| 3-8736112 | | 7535 | 3-877-832 | | 7595 38805278 | 
7356 | 3.8666417 7416 | 3.8901697 7476 | 3-8736693 7535 | 3.8771409 7556 | 38805840 
7357 | 3-8667007 7417 | 3.8702283 7477 | 34737274 7537 | 3-87715985 7597 3-8806421 
7358 | 3.8667598 7418 | 3.8702868 7478 | 3.8737855 | | 7538 | 3.8772561 7558 | 38806993 
7359 | 38668188 | | 7415 | 3.87c3454 | | 7479 3-8739435 | 7539 | 3-9773137 | | 7559 | 33807554 
73650 | 3.8668778 7429 | 3.8504035 | \ 7480 | 3.8735015 7549 | 38773713 97600 | 38808136 
7608 
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whe Ty iliads of LoGarITHMS 
Ten Chiliads 
_ b Log. 
Log a RY Y 8543714 
- N. F — wp Da | 3437 
8308707 842421 7 350 7793 3 7844 | 3 
9501 S049 7562 CG 7723 $4; yy 7784 — pays 7845 | 38545929 
l 563 | 3. $387 32912 
i Et | (eg ante | 0 | Paares | 
pt - . 45 — —_— _ . IZI j 
fg | 38810999 | | 7955 | | eaonetts | [RS 7348 | 3.8:47500 
; 666 | 3-8845588 M4 27 | 3:8880109 - 8914259 784 3 
1606 | 8811563 7667 | 38845255 7723 | 3.899571 3189 | 28014805 HAN 
- | 38812134 8845821 Y :8831233 : 7850 
9607 | 3 7568 | 3 7729 | 3 799 | 3-8915374 
ig | 38812705 18847387 8831795] |7 — 
1608  $813275 7669 5 08 77309 3» m— 8ex 3-8949250 
; $54 — 2915932 7% | 
199 | 28813846 | | 7670 | 3:8847 7791 | 3.8915 852 | 38949803 
7610 IR : ITY 8848 520 7731 ng 7792 gh 2823 3-2950355 
51 | 38814417 Ko 29849085 7733 | 38883480 | | 7793 hand 78 54 209 $9909 
NE ee) [oo anenl [| ara | ane 
. Y O oh .$324509 
hy 44915125 | 7674 | 3825-784 dn was 7196 | 3-85918718 96 | $-fpga0rs 
: .8316 99 8 15g _ 2 7 $7 . 
mg bt —_ 3591 17730 | 00ers 1 ei 3-8953120 
"516 | 38817269 fo jor (ohh 28 | 20002207 | | 39m os 1. 18 3:89 $3573 
gi peenntzo| | 7697 | 2og3e 7739 | 3.8896849 7820 | 3.852054 | | 7850 | 3.895424, 
$8184 8353047 389410 pen ung | 
1118 | 3 7679 | 3 7740 | 3 83894 abr 89 $4778 
$318980 8853512 m 7261 | 3.8954 
1619 | 3 o| | 7680] 3 7801 | 3.8921503 7862 | 38555230 | 
1620 | 3-881955 — t | 3-3837971 | 85922059 7 3 23 
-—_ 8820120 7681 45 p03 7742 38890532 Te 5-89 22616 746? 4s, 
ga p9028ts| | poke 200g 7s | paneds | | Tha | atpairg | | ro aki 
8821259 38 5873 . - 7 © c— 
88219259 8855439 | | 774 wn 2 7866 | 3-895753 
9624 3.8 7585 | 3-38 504 —_— ——_—_—— 805 | 3.8924285 89048001 
| 8322398 75| [7 "wh 7867 | 3.895809 
9625 | 3 Wh 7746 | 388907 7807 | 3-892484 8958643 
$88 5700 7868 | 2.895 
1626 | 38822963 687 | 28821568 72s | 20851935 | | 7808 nd 7869 | 3-8959195 
1627 | 3-8823537 760g 3:88 58134 _ Scnget 7909 10596 hs 7870 | 3.8959747 
j / / ; — 
ret ove rl YM end [re 750 | 348893017 | | 7810 0299 
824676 5 775 871 | 3.896 | 
Nl | 38825245 | | 7690 | 38859255 —_— | pron? | 108 3-356o851 
6303 FD 839357 8527622 ; 
lms | [5 33262363 | | 7752 | 3885q13e | | 791 ESE: 
9931 692 | 3-8860 3-889469 3-8928734 ©6 
5384-| | 7692 | 3: 5 7753 ; 7814 875 | 3.85625 
7632 | 3-88253 693 | 3:8850g57 3-899529 3:3929250 | | 7 
88326953 | | 7 2| | 7754 7815 HIER 
_— 38827521 "_ obey 7755 | 3-8895818 7816 | 38925845 | | 5876 3-8963057 
. — . '#) 
pd oma 1c | RIG 8856378 | | 7 8930401 | | 7897 | 38963 
ons | oe ene] [7 EEE 
1930 | 3» 597 | 3- 8 82 9749 | Bo31512 5 
EEE ARES EN: 3459656 
4 4 L Z 4 [| "3" ii CEE” I — 
wy redo 45. 6400s 7760 Do 7821 3-8932523 | you! 445u, 
wi | 38831503 | | 77o1 | 28865470 | | 7761 385-0196 | | 7823 38534208 | | 7882 | 20069967 
oo 3-88 32070 m_ 1.8865598 me , poets” _ $44.04 7885 | 348968017 
7 ; 77 7625 | 3+ jos 
1643 | 3-8832638 7704 | 38867153 65 | 3-8501415 
c / | 719513 —— 886 | 3.8968 568 
093009 406. ih Chad fs 326 38935398 | | 7 59118 
1645 $0e 3977s — | ——— 7766 | 38501974 = 935953 | | 7887 } 3.8965 5 
Pk : £868299| | 77 7927 | 3-8 3 888 | 3-895g9659 
| 200k it | | 15oy | L8EGEEGS| | 7757 | S5agD 12s | 3099968 | | hp | 2859 
9647 3.8 34 11 nos 3-8869417 769 | 348503651 37618 7850 | 38 
8 - 77 2 7709 7830 | 3-85 — 
= rob 4b EONS 7770 | 38504210 wa 3.85938172 | | 9891 7-4bh pe 
7650 | 3.88365 14 8504969 7 ; 2 7892 | 3-857 
rar | 38057422 | | 2711 | 3:9971107 | [7971 | 3860496 713 [3636501 | | 855 | 2069242 
7651 } 3.88371 .8* 41670 7773 | 3.8505889 44 s 7994 
1592 34357-32 = 2244 Ad — Gatos 7894 4c 1895 | 38973521 
6 «633931 8872756 i — 
” 3.930224 219 | 28872359 bet $0. 7835 | 3:8540944 | | 7856 0 <p 
1555 | 38839452 DH 76 | 3.8907562 8541498 | | 7857 
— 22 | | 7770 | 3-0907 7837 | 3:854149 898 | 38975171 
656 8840019 Aon tho 7777 3-0500121 7338 | 3.8942052 _—_ Honor 
1955] 3 17 | 3.88744 8 | 3.8508679 85426c7 7 
1558 | 38841154 _ 09756801 17779 2.809726 | 7649 | 3.85431 b: _ 
1559 | 3.8841721 Lo, 38876173 | 17780] 3. nn I 
1650 } amt}. ont "F 


CHILIAS I ﬀ. 
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Ten Chiliads of LocariThms 
| > I Log. N. Log. N, Log. 
| N. Log, N. Lag. ps og FEI, | AMER ES EW 
— _ | ROT 8081 | 39074651 8141 | 3-9105777 
7991 | 38596821 wm na 44 a <9 26 8-82 dogs 8142 | 3-9107311 
' 2902 | 38977370 7962 Is 8-23 | 3-9943358 8283 | 3.9075726 3143 | 3-9107844 
berg ot wn, +l eagle. 8024 | 3-9943909 | | 8284 | 3.9075263 | | 8144 3-9109378 
| 790g 3-8979019 | | 7965 þ 3-9>11857 | | 8025 | 3-9944450 | | 3285 | 3-9075800 | | 8145 | 39108911 
Wangny $04 *_ 89026 | 3.9244991 8286 | 3-9077337 8145 | 3-9109444 
3307 | 28,go1r7 | | 7657 | 30012048 | | 8027 | 3-9045533 | | 2087 | 3:9077874 | | 8ug7 | 3-910399, 
7907 qt 614 7967 | 3» G 7 8528 3-9945074 8083 3+9078411 3148 $-$1105109 
p__ 154 wed ay 4 apr 8029 | 3-9946514 | | Body | 3.9078948 | | 8145 | 3-g1r1043 
7909 | 3858121 7999 | 3-90 9 + 8030 | 3-9947155 80g0 | 3.9<99485 8150 | 3.911575 
7910 | 3p$981755 7970 | 3-9014583 a 3 tings 
hr | A 6 _ 596 | | 8091 | 3.980022 | | 8151 | 39112109 
7911 end Ad mma _ ty 80g2 3-9080559 ongy 3-91 12642 
7912. , 85 9948773 8093 | 3-g081095 IS3 | 39113174 
7913 3-8583412 7973 3-9916218 8 33] 3: pe. 13 8094 3-9081632 8154 3-9113797 
791 85983960 7974 | 3-9916762 934 | 3-92493 F g 
2918 | 2.8984g09 | | 7975 | 39017307 | | 8235 | 39049859 | | 8095 athens IN Ps. 40800 
t——_ { IB Bars | s. 8096 | 3.9032705 8156 | 3-9114772 
7915 | 28585058 | | 7975 | 39017851 | [00g qriin gat bY inet omen BY Dag beadg de 
79d | paris | | 91 | roiigo| [9:38 | prongs | | 8538 (29018 | | 15h Sougy 
$os 8o 50529209 8099 | 3-9084314 IS9 | 3-9116365g 
7919 | 3-8586703 | | 797g | 3-92I19485 39]3 : 
« 64 38987252 7980 | 39020029 8040 | 3-9052550 8100 | 3.9084850 oy 3-9116gor 
—_ x 2092 þ # | 8401 | 3.9085396 | | 8161 | 3.9117434 
RAE RRAE bb: 
6 af |8043 | 3-925qu8r | | $103 | 3.9085458 "3 4 98254 
7923 | 30988256 | | 798g | 3-9021664] [8 1 | | 8104 | 3.9085gg4 | | 8164 | 39119030 
, g.858 9445 7984 | 3-9022205 | 044 | $-925472 M234 5-4 
EM 3-8g89993 | | 7585 | 3-9022749 | 8045 | 3-9055260 —_ 3-9087530 , ey 3-9119 $62 
enctried — | 3oas 8106 | $,.9088066 8166 | 3-9120094 
yl rk [an nan] lane ene [3g nine | | ig eons 
| ow 880 | | $198 | 3.9089137 158 | 9121157 
' 7928 | $-8591635 7988 | 3-9024380 8048 | 3.9956 81 «908567 8169 | 3-9121689 
7929 | 3-85p2104 | | 7589 | 3-9024524 | | 3049 cs LY reents. 8170 | 3-9122220 
7930 | 3-8992932 | | 7990 | $-5025468 50 | 3:99579 Sine ay | 
IE) OE | ) 8111 | 39090744 8171 | 3-91227g2 
7931 | 38993279 | | 7991 pagers nt —_— 8112| to 8472 | 3-9123233 
7098 gbgg3827 | | 7952 | 3-9 > 5s i 3-9059577 | | 8113 | 3.9051815 8173 | 3-9123815 
EEE NEE REES: 
; 8 . 3 1 12 
7935 | 385p5469 | | 7995 | 3-5028185 | | 8955 | 3.9060555 — ana), Þ Fre bode 
m—— cox Q þ 1 8416] 2, 20 8176.| 3-9125409 
q 8 6 . $0934 
7593s | $-89g6016 | | 7996 RG es ts ae. 8117 rt 8177 | 3-5125940 
7937 | 3-8956364 | | 7997 | 3» 8058 | 3.906223 8118 | 3.9094490 8178 | 349126471 
7938 | 444 bat wy 4h 8059 3-9062811 e119 3+.5095©25 8179 $+5 127003 
7940 3.859805 | | 8oco | g-9030900 ] 3-9063350 | | $129 $-0099509 8180 | 3.9127533 
NA jon 8061 | 2.006288 8121 | 3.99g60gs | | £181 | 3.912806g 
{7941 | 9859732 | | Boot edicts | |8062| 36063428 | | 8122 | 39096630 | | 8182 | 3.9128595 
| 7942 38999299 "44 4 8 x - Bo6Z | 3-9064965 8123 3-9097164 8183 3-S$129I25g 
| 7943 | 38995846 | | - 3 q 3-99325 r | |8c64 | 3.9065505 | | #124 | 35097599 | | 8184 | 39129656 
7944 \ 3-$COOgSL 00g 4:95 9% 8065 | 3.9966044 8125 | 3.9098234 8185 | 3-9130189 
7945 | 349000939 | | Boog | 3-9033513 5-9 Nw — | 
—” "ry 8066 | 2.00658 8126 | 3.9098768 8185 | 3.9130717 
7945 | 3.9001g85 _ art 1 4 es cnn] 8127 | 3.9059302 | | 8187 | 3.9131248 
7948 | 2yocas't | | Book] 2pcotans | | 8068 | 3.9067659 | | 8328 | 3.9099837 _—_ —_— 
| | je 8069 | 3.g068199 | } 8125 | 3.9100371 IS9 | 3-913 
7949} 3-g900g125 8oog ] 3-9035783 4 $20: | | 2 91328 
| 79501 3-500367" 8ox0 | 3-9036325 | | 8979 | 3.958735 | | $132 | 3-9100505 | | B90 | 3-9132839 
pn | FT. -— 8131 | 3.9101440 8191 | 3-9133369 
2h $409 2 we # | 44 enned re ear 8132 | 39100594 | | B1g2 | 3.913899 
rd areapn] [ey | Broreg | [40s | Lomas | | 9s anion | | or [ou 
; bh. 807 5 8134 | 349193042 I$4 1.3-9 134959 
$444 3-5c0g856 | || Borg | 345032493 | | 8974 | 39070887 8 13548 
Pe 12 2} 208 If BNR 8036] 2.0 8135 | 3-9104109 | | 8196 | 3-5136019 
pour} 2500694 | | $016. 9c 39577 | [0070 ties. 354 $4400554 if Frye: 3:9136549 | 
79579 $+5©07495 Don ns PF 8078 | 3.5073038 8138 | 3.910g177 8198 | 3.9137079 
| 7995. 35000 55 801g: 29041202 8079 | 3-9073576 3135 3-9105710 ot 4 $46 
& v : L (S) 
| 7960 + 3:9009431 | | 8ogo [29042744 8-80 lea . uw 3-9106244 _— adi 


a ein ered Pas x ood 2, 


CHILIAS TIX. 


9 _ — 


- 0 6 WL OOO eo = — —c— 
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WW ws... 
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Re a IE _— | \ 4k 5 | _ x 
Te Chihads of LoGcartTHMS. 

Log. | |. N. Log. N. Log. E awe? 22204, 908 | a Log. 
cw pagehigy , 8 -923255F | | 3441 | 3.5253939 
39138663 | | 3261 | 3-9170325 922 tt $4 29233476 \ | 2442 9264488 
ite 47 eee 8323 | 3-9202799 | | 4383 | 3:5233595 | | 8443 | 3-9264568 
#2139727 | | 8264 | 3-94-1903 | | 8324 | 39203321 | | 8384 þ 3-9234513 | £444 | 3-926 5483 
59149785 | | 3265 | 39172428 | | 8325 | 3-9293842 | 19s þ F$3N93t-} | $445 } 3-9205996 

w_ | 3326 | 54 | | 9386 | 3-9235548 | | 8445 | 3.9255511 
3:9141315 $265 | 3-9172954 hem | ——— | $387 Perethen FH {nt Rep 
3-9141844 _ blk + het 2328 | 3-9205497 388 | $5235 584 Fr | 3-925 7.539 
roy 76h. os 39174530 $329 | 3-9295929 34s | 49337193 49 | E9a88043 
T4343 $270 | 3-9175955 | | 8339 | 3-9206450 99 | $9237 —| 659 pond 
| 3-9206971 4k | 39339137 | | 5451 | 3-g26g08r 
39143560 | | £271 | 3-9175580 aa Rm {598 #9338555 | | 8453 | 3-9269595 
Loreto | [onal ear ddl [iz:s | a-ga0tors | | Bana |acaaer2a | | hens 3-92791ag 
porggery | a oe | [0222 | Saxots30 | | vans [EhandG | [RE TIES 
| _—_ | 23:6 | 3-52>9579 | | 8395 | 3-9945724 | | 8456 | 210251650 
$,9145504 | | 8276 nan WY been bares hed + 29941244 | | 2459 | 2 2720cs 
39147133 | | 8277 | 3-9278729 OT 3-9210519 720 3:9341752 | | 8458 | 3:9272677 
$-9147661 | [0990 319939 | [339 | 3-5211140 | | 0399 | 39342275 | | 2459 | 3.327315 
49148718 Bado | 3-9189303 | | $340 | 3-9211650 | | F402 | 8342792 | | 8469 | 39273704 
— | : | . 10] | 8461 | 2:929421 
nad Eee ab Soo 7 26274730 
$904977S| [hee | rounds | [oats (2 30r3tos | |hdea | doeacel. | HIS 5243 
and 1 Mm 4 3 comet Me { eneern 8404 | 39844860 | | 8464 | 39275756 
p91go8gr | | 3204 | 3-91724 244 (39214243 | | #40 | 3:9245397 | | 8465 | 3:9274250 
3-91g1959 | | 3285 | 3-9182925 | |B345 13:92 ad Soretrinath IN bow pond 
——— | «921 8405 | 3:584554 | | 8446 | 3-g29578 
dd Mr reed Med bonnie Med od 0 2927729 
prot) Ne es | [Re on] (nk ents | eg 22g 
3-9152 +9216 840g | 3-9247 278321 
uy | 3.915347} 8189 | 3.9185021 5349 a "Yrg Sb 54 40+ uh 
LOTS2098 || 1/2090 HPIOSS45 | | F350 | 30000005] OREN "7a I 
— cout 8411 8476 | | #471 { 3.9279347 
$-9154525 _ pooneody 23S DC 46 ogy 8472 { 39279859 
39155254 mos 4 a 44- B22; 3-9318425 } | $413 | 3-9249509 8473 ( 3-9280372 
Morb53H) |2254| 39187642 | |8354 | 2-9218545 | | Bgrg | 3-9250025 | | 8474 3-9280884 
 o146658 8295 | 3-9188164 | |8355 | 345319454 "41s 3-92 59541 | —- 3-9281397 
4 —Coo—o_—_———_—_ — —— ; 
— EEE otace , ; C | 3-9281 
ner (and porn | [ans |oanoat | [ins | aporp | [ING] pede 
3-91576g1 cap} | 3-929 para pi $44 Ah 8418 | 3-925208g | |} 0479 | 3-p282534 
3-9159218 ] ible 2329 | 35221543 | | 8419 | 39252635 | | bang | 2.9283440 
Hates 8300 | 39190781 | | 8350 | 3-5222063 | | 8420 | 3-9253121 bs | 3-9283950 
HO : b 8421 | 3-92 8 92844791 
poue9999 | | b3or | Souprans | | 03or | ppapugta | [ncaa paapa6e7 | [{8t | Dontaer 
3-9160326 8302 | 3.9191927 - | 3 Aeon 8423 | 3-9254568 | 483 | 35284495 
wa 49S Ha 4 5.90 Fa 3267 29224140 | $424 | 3-5255183 | 68s 35286006 
$994 8305 | 3-9193390 | | 3365 | 3-9224559 "425, 3-9255699 | | Baby | 3-9286518 
Y —— Sh ne?) "5-46.15 20p808Rk es 23201. $4261 3: 2 Sar 8486 3-9 289030 
$9 162433 | | $35 | 39153919 | | 835 Rr boner] If bb 4 ens 
$-9 152359 a $444.44 2268 3-9225217 | | 8428] 3.9257245 8488 | 3.59238054 
$95 2h 2309 | 35195489 | | 8369 | 39226736 | | 8429 | 39259785 | | $489 | 3-5288555 f 
S044 8310 { 3-5195010 Tg507 3-9227254 | 8430. 39358276 j]- | 8450 / 349289077 
Got B oa — Mom pgs #<aviefs Inna agg 
1 $-9155055{} | #811 | 3-9195533 £370 438 ds, oe! 48hvts 4 —_— 
oaceoont [apes |22rrofb| [oor |aozattre | [len | Hoon E lf [ages 35290611 
Har Ld BE bad bodied BY he crnnc | [3434 | 392503361 | 8494 | 39291122 
54] $-9166545 | | 8844 | 3-9198100 | $374 | 3:92 93 , ls Ro od:ten | 1-1} $4500 
139167191} (8315 | 3-9198622 | | 8375 | 3-9229848 } | 8. akin; Pot bon ; 
emmy | ee Homme SAY : ; % x 
$6 \ $-9157997 | || 9316 | 3-9159145 $376 | 36230367 = Nnts | 5-0 2925007 
3-916B223 _ ny 4444 | thats 8438 : 3-9262395 | 8458 3:9293167 | 
| Cree —_ 4; | 8379 { 3-9234522 $439 349262910 8499 | 3-9253678 [ 
0P or 4- | 18320 3-9201293 | 18380 } 3:5232440 8449 | 39253424 | OSes 3-9294189 
| A een M 6 ; - 8523 
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CHILIAS IX. 


—_— 


Ten Chiliads of LocarlTHMs. 
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_— 


OT 


"5803 


— 
oy —— C N. Log. N. Log. 
N. Log. | 1 N. L5g. N. Log tes IE. 7 5s "Foat's. 

—_— 8621 | 3-9355575 | | 8581 | 3-9385597 | | 8741 | 3.541551 
8501 | 3.9294700 8361 | 3.9325245 8622 | 3-9355280 3682 | 3-93851983 8742 3-9415103 
8502 | 3.9295211 8552 | 3.9325752 8523 | 3-9355584 8683 | 3-93855 3g 8743 | 3-9415605 
8503 | 3-3295722 8553 $9329359 8624 | 3-9357987 38584 3+9337193 8744 | 3:9417101 
8504 | 3-9296232| | 8564 | 3-9325755 t | | 3585 | 3-9387558 | | 8745 | 3.9417598 
4 _tty 6, 3555 | 3932727 8525 | 3-935759 
$4 fo > gan 8 8525 | 349353094 | | 8585 | 3.9388198 8745 | 3-9418095 
8506 | 3.9297254 8556 3993277 - 8527 | 3-5353598 $387 | 3-93388598 8747 3-9418591 
8507 | 3-9297754 8567 | 3-532328 3628 | 3-935glol 8583 | 3-93391g3 8748 | 3-9419088 
8508 | 3-9298275 ho% | Covihgs | | 8529 | 3-9359505 8685 | 3-9389598 5749 In 
8509 449 dera | ooartoe | | | 8530 | 39360108 | | 8690 39390158 | | 8750 | 3.942080 
6 | OE 8534 | 3-9350511 8591 | 3-9390697 $751 | 3.9420577- 

II | 3-9299806 8571 | 3-9339315 , 026111 8592 | 3.5391197 8752 3-9421073 
85 3-9299 3 8532 | 3-9361114 
nn [del 3 5cecrs | | 8553 | 2501657 8753 | 3-9421569 
8513 | 3.9302826 $573 $-9330320 8534 | 3-9362120 8554 | 3-5392196 £754 4 2; 
ont I oltas 8575 39332341 8535 | 3-9362623 | | 8555 | 3-9392596 eu'F | I-9432560 

SIS | 3» : 5 Monch m— mp | 
__ "My -$353125 | | 8595 | 3.9353195 | | 8756 | 3.9423057 
8516 | 3.9302356 8576 | 3-9332548 257 5-0 foes 8597 | 3+9393695 8757-| 349423553 
8519 | 39302865 | | B577 | 3:9333354 8538 | 39364132 8698 | 3-9394194 8758 | 39424049 
4} 4h 5 $4 $4098 8539 | 3-9354535 | | $599 | 3-9394693 SEAFE Cs 

; 2 - 2 , 

4 4-4 woof B58 | 3.9334873 | | 8549 | 3-9355137 | | 8700 ME left 
ms = # | WEE: 8542 | 3-9365540 | | 8701 | 3.9395592 | | 8761 | 3.9425537 
8521 | 3 9304906 | 581 | 3-9335379 8642 | 3.9355143 8702 | 3.9396 191 8762 3-94 26032 
8522 | 3-9395415 582 | 3-9335885 25 | 3-935654 5 8703 | 3-9396690 8753 | 3-9426528 | 
8523 | 3-9305925 8583 | 3-9336391 PF 3-9367 147 8704 | 3-9397189 8764 | 3-9427024 
8524 | 3-9396434 | | 3584 | 3-9335897 8657 $7650 | | 8705s | 3-9397688 | | 8765 | 3.5425419 
8525 | 3.9305944 | | 8585 | 3-9337493 45 | 3:93 —_ — 
+ wipe | 8546 | 3-9368152 | | 8706-| 3-9398187 | | 8765 | 3.042801; 
$525 1 3.9307453| | $586 | 3.9337909 8547 | 3-9353554 | | 8707 | 3-9398685 | | 8757 | 3.5428510 
og | 293793 | eos | roroetns | [acts | 29350554) | 8108 | 2orogr82 | | 8368 | 35420510 
8 $28 | 3-9308472| | 2598 | 39333920 |. | 554 9369629 | | 8709 | 3.939983 | | 8755 | 54200 
8529 | 3.9308g981 8589 3-9339426 49 | 3-93 3 8710 | 3.94o00181 8770 3-$429996 
| $530 | 3.9399499 8590 | 3-9339932 8550 | 3-9370161 SAGA — } —————— 
7: was #591 | 39390437 | | 8557 | 39370553/| | 8711 | 39400685 | | 8771 | agqgozen 
| 8531 |.3-9309999 8591 3-9340437 wot 44448 wp 8712 | 39421179 8772 | 3.9430986 
8532 3-9310508 | | 8592 | 349340943 4% dro 8713 | 3:9491677 8773 | 3-9431481 
8533 | 3-9311017| | 3593 | 3-9341448 2622 | 3-937 56 | | #914 | 35402155 | | 8774 | 3:5421996 
8 9311525| [8594 | 3:9341953 54 | 3-9372159 8715 | 3-9492574 8775 | 3-9432471 
NE CI RRnn RN pnoneens |: [aghe [2owrarce |] ores 9775 
— —— SS. 2685 . 8716 | 3-9403172 8776 3-943 2966 
8535 | 3-5312544| | 3595 | 39342954 3657 | 3937357* | | #719 | 39493570 | | 8777 | 32432461 
©537 | 3-9313553| } $597 | 3-9343455 268 |39373%74)] | 8:18 | 354-4169 | | 8778 3-9433956 
8538 | 3-9313561 | [8598 | 39343974 8539 So 8719 | 39494557 | 9779 | 3:9434450 

0 | 3-5314979| | © . mn} aan —_— 
wa L L | 8551 by 580 8721 / 3-9405553 8781 3-$435449 
8541 | 3.9315087 | | 3521 | 3.9345489 8662 | 3537518 | | 8722 | 3.9405161 | | 8782 | 3.5435034 
8542 | 3-9315596 8502 | 3.9345994 955 tory 8723 | 3.9405659 8783 | 3.9436429 
8543 | 3-9316104 $503 | 3-9345499 6 9-937 , 8724 | 3-5407156 8784 | 3.9435923 
8544 | 3-9315612 3504 | 3-93470-4 &. | 9977004 8725 | 3-9497654 | | ©78s | 3-9437418 
8545 | 3-9317121 8605 | 3.9347509 8655 | 3-5377585 SG — bo] 
- VI 9565 28187 | | 9726 | 3:5408152 8786 | 35437912 
8546 | 3-9317629 | | $506 | 3.9348013 8657 | 323-0582 | | 8727 | 3:2408550 | | 8787 39438406 
8547 | 3-9318137 | [8507 } 3.9348518 2668 | 393700 8748 | 3-94c5147 | | $788, | 3.9438900 
8548 | 3-9318545 | | 9508 | 3.9345022 IR attend If | On 3-940g645 | | 8789 | 3.5439395 
8549 | 3-9319153 +4" $4 tres _— gt 8730 | 3.540142 | | ©750 | 3.9435889 
8550 | 3-9315661 3*935 p ne | | 
COPY 4 pn: » 9671 80502 8731 | 3-941<640 8791 | 3-9440383 
8551 | 3-9320169 | | 8611 | 3.5350536 dere [ro | {O93 [apts 199% 3-9440871 
8552 | 3459320677 e612 | 3.9351040 4% 9-030 000S 8733 | 3-5411635 | | 9793 | 39441377 
8553 | 3-9321185 | | 8613 | 3.9351544 whe <4" hh 8734 | 3-6412132 8794 | 3-5441865 
q254 [3-9321692 von 4g 8674  eabntes 8735 | 3-9412529 | | 8795 | 39442356 | 
8555 | 3-9322200 IS | 3-935255 | S* : || — 
EY | 8675 821 8736 3-9413125 | 796 39442852 
8556 | 3.93227c8 8516 | 3.53530g7 Hl $44.4 8737 | 3-9413523 8797 | 3944334 
8558 | 3-9323723 | 8618 3-9354-65 67 4 8739 | 3-5414617 8799 | 3-9444333 | 
8559 13-9324230| | 8519 | 3.9354559 2446 593.4 97 8740 | 3-5415114 | | 8800 | 3.9444827 | 
#550 T3-9324738 | 18620 | 3:9355-73 | 18580 | 3.5385157 


y—— — a. 


CHILIAS X. 


Ten Chiliads of LoGAaR1THMS. 


_— —I—_— 


——_— 


Log. 
3-9445329 
3-9445814 
3+9445 3927 
3-9445802 
39447294 


3-9447797 
3-9448 280 
39443773 
3-9449256 
$9449759 


3-9459252 
$9450745 
$-9451238 
$-9451739 
3:9452223 


| | 3-9452716 


39453208 
3:5453701 
3-94$4193 
3-9454585 


349455178 
3-945 $670 
3-9455163 
3-9455655 
39457147 


3-9457539 
3-9453131 
$-9453623 
$945SII5S 
$-9455607 


$-9452099 
$-9459591 
$-9451082 
$+9451574 
3-945 206 5 


$-9452587 
$-9453048 
3-94535409 
3-9454031 
$-5454523 


3-945 5014 
$-94659og 
$-9455996 
$-9456487 
3-9456978 


3-9457469 
3-9 457960 
$-5458451 
$-9458p42 
3-8459433 


13-9456923 | 


$-54704Tt4 


3-9470g05 | 


$$471395 
39471826 


3-9472376 
349472866 
$-$473357 
39473647 
$-$474337 


L2g. 
"RN A4 EM 
3-9474827 
$-3475317 
3-347 5807 
3+9475297 
3-94765787 


CORES 


3+9477277 
3+9477757 
3-9478257 
3-9473 745 
3+9479235 


3-9479725 
3-9480215 
3-94807905 
3-943 r194 
3-948 1584 
3-5432173 
3-948 2662 
3-9433151 
3-9483540 
3-9484130 


3-9484619 
3-948 5108 
3-9435 597 
3-9435045 


3-948 7063 
3-9497552 
$-948304> 
3-9488 529 
3-9435018 


3-9435506 
3-2489594 
3-9492483 
3+9499971 
3-9491453 


3-9491948 
3-5492435 
3-9492924 
3-9493412 
3-9493990 
3-94943838 
3-9494876 
3-9495354 
3-$493851 
3-9496339 


3-9496827 
3:9497314 
3-5497802 
3-9498 259 


| 3-9499264 
3+9459752 
3-9 $20239 
| 3-5 $007 26 
3e$$01213 


| 3-5 501700 
3-9502188 
3-9502675 
3+9503162 


3-9 503648 


th... the. Pw 


3-9485574 [| 


3-9493777 | 


a 


Log. 


3-9524622 
3-959510g 
3-5595595 
3-9595082 
3-9$95559 
3-9597055$ 
3-9597 542 
3-9528028 
3-9508514 
3-9 $9g00l 
3-9529487 
3+-9$29973 
3-9510459 
3-9510945 
3-$$11432 
3eg$I1917 
3e9$ I2403 
3-9512839 
3+9$1337s 
Ze9513861 
3$-9514347 
3-9 514832 
3-9515318 
3-9515803 
3-3516289 
3-9516774 
3-9517260 
3-9517745 
3-9518230 


——— —— 


3-951871g 
3+-9515201 
3-9515685 
3-9520171 
3-5520655 
3-9521141 
3-9521626 
3-9522110 
$+9522995 
3-9523080 


3-9523565 
3-9524949 
3-9524534 
3-9525018 
3+9$25$0JZ 


3-9525987 
3.9526472 
3-95269g6 
3-9527442> 

3-9527924 


3-9528893 
3-9$29377 
3-5$29861 
3-9539344 


3-9530828 
3-9$31312 
3-9531796 
3-9532280 


$-9524135 | 


| 3-9528408 | 


k —_ 4. 


ad DC T 


3-9$32763 | 


| 


Log, 
3-9533247 
3-9 533732 
3-9$34214 
3-9534597 
3-9535181 


3-9535654 
3-9535147 
3-9535631 
3-9537114 
3:9537597 


3 9533080 
3-9533553 
3-9539045 
3+9539529 
3-9540012 


3-9 542494 
3-9 542977 
3-9541450 
3-9 541942 
3-9 542425 


3-9 542908 
3-9543399 


- $-9543572 


3-9544355 
3-9544837 


| —— 


3-9545319 
3-9545802 
3-9545284 
3-9 545766 
3-9547248 


3-9548212 | 


3-9548594 
3-9549175 
3-9549557 


3-9 $$OI39 
3-9550621 
3-9551192 
3-95SI 584 
3-955206g 


39552547 
3-9553028 


$-9553509 | 


$+5$53951 
3-9554472 


359554993 
3-9$55434 
3-9$$5915g 
3-9556396 
3-9556877 


3-9557358 


| 3-95$7839 


3-9558320 
3-9558801 
3-9559281 


3-95 $9752 
3-9 550243 
3-9 560723 
3+9561204 
3:5561684 


C—— 


4 


"YT 


Log. 


3-9562165 
3-9552645 
3-9563125 
3-9563505 
3+-9554085 
3-9554566 
3-955 5245 
3-955 5526 
3-95 66006 


 3-9556485 


3-9565956 
39557445 
3-9567925 
3-95538405 
3-9568884 


3-9$59364 
3-9$69844 
3-9$7032Z 
3-9570802 
3-9571282 


— 


3-9571961. 
3-9572249 


$+9$72720 


$*9$73199 þ 


3-957 3678 


3$+9$74157 
3-9574635 
3-9S75SII5S 
3+9575594 
3-9575073 


CC 


3-9576552 
3-9577030 
3*+$ 577509 
3+9577538 


39578456 


a engp——m——_—_——— 


39578945 
3-9$75423 


| 3$:9575902 


3-9580380 


3-5 5508 53 | 


——_— 
3-9581337 
3-9581815 
3-958 2293 
$-9582771 
3-9533249 


3-9593727 
3-9584205 
3+9584683 
3-9535161 
3+938 5639 


3+9 $3651 16 

3-9 586594 
3+9587072 
3-9587549 

3-9588027 
Ba % 4 he «+, 


3-9 588504 
3-9 588982 
3-9589459 
59589937 
3+9590414 


_ 


OS "I I EY 
_— 


To 


A 


OE "I Ml ttt th. AM. 


| 


4 


| 


| 
| 


| 
| 
| 


; 
| 
| 


OE OA EY I 


W_—_—__—_SRS TY Y 


| 


| 
| 


CHILIAS YX. 


Ten Chiliads of LocariThms. 


_ Log. | 


35550851 | 
3-9591358 
3-9591845 
3-9592322 
3-9592799 


3-9593276 
39593753 
3-55$4230 
3-9594797 
3-5555184 


3-9595560 
3-5595137 
3-9595514 
3-9597090 
3-9597 557 
3-9598043 
3-9598519 
3-9598 996 
3-9599472 
3-9595948 


3 9502424 
3:9500go0l 
3-9501377 
3-9501853 
3-9602329 


3.950280g 
3.9603280 
3-95037 55 
3-9504232 
3-55604708 


ton n _— 


3-9505183 
3-9605659 


| 3-9606134 


3-9505610 
3-960708 5 


365507 $5 I 
3-9508c35 
3-36-8511 
3-95c2g87 
3+5605452 


3-9505937 
3-5610412 
3.96 10887 
3-9611352 
3-9511837 


3+9612312 
3-961 2787 
3-9613261 
3-9613735 
349614211 


3-5514585 
3e961 5150 
3-9615635 
3-9616 109 
3-9616583 


3.9617058 
35617532 
3-9518006 


3-9618480 | 


z-<618g55 


| 3-9533155 


| 3e5645838 


Log. 


3-9519429 
3.951903 
3.9520377 
3-9520851 
3-9521325 


39521798 
3-9622272 
3-5522745 
3+9523220 
3-96 23593 


3-9524167 
3-5624549 
3+3625114 
39525587 
3-9525051 


3-5625534 
3-9527007 
3-9527480 
3+9527954 
3-9628427 
3-9523900 
3-9629373 
3-96298465 
3-9530319 
3-9630792 
3-9631264 
3-9531737 
$-9632210 
3-9632582 


3-95336 28 
3.$634100 
3-9534573 
3-9535045 
35635517 
3-9635990 
3-5536462 
3-9535934 
3-$637495 
3-9537878 


——_ 


3-9533350 
3-9638822 
3:95 35294 
3-9535756 
3-954< 238 


3-9540710 
3-9541181 
3-£641653 
3-9542125 
3-9542555 


3-5543068 
3-9543539 
3-9544011 
3-5544482 
3-$544953 


3-9545425 
3-554 5856 
3-5645367 


3-$547399 | 


Log. 

3-9547780 

3-9648251 
| 3-9548722 
3-5549193 
3-9549554 
3-95 52134 
3-95 59505 
3-9551075 
3-9551545 
3-9552017 


3-95 52437 
3-9552958 
3-95 53428 
3-9553899 
3-95 54359 


3-55 54339 


3-9655399 
3-9555779 
3-9655259. 
3-95 $5729 


3-9557190 
39657550 
! 3-9558129 
3-96 53599 
3-9555069 


3-9659539 
3-9550008 
3-9650473 
3-9550948 
3-9551417 
3-956 1887 
3+9652356 
3-9552825 
3-9553255 
3+9553754 


39564233 
3-955 4703 
-3+9695172 
3:9555541 
3-9665110 
39555579 
| 3-95 69048 
3-9557517 
3-5567585 
3-9560454 


| 


3-5671255 
3-9571734 
3.572202 
3-$572671 
3+5573139 


3-56 73507 
3-9574075 
| 3+5574544 

3-9575012 
3-967 5480 


——  — . 


Log. 


3-957 5943 
3-9575415 
3+9575883 
3-9577351 
3-9677819 


3-3678237 
3-9678754 
3-9679222 
3:9679599 
3-9580157 


3 9580525 
3-9681092 
3-9531559 
3-96382027 
3-9582494 
3-9682951 
3-9533428 
3-9533895 
3-9684352 
3-9684829 


3-953 5296 
3-9685763 
3-9585230 
3-95855 97 
3-9687154 


3-9687530 
3-9538097 
3-9588554 
3-9589030 
3-9589497 
3-3589963 
3-9590430 
3-96g08 95 
3-9691362 
3-9591828 
3-9592295 
3-95 52761 
3-9593227 
3-9593593 
3-9594159 
3-969g625 
3'9595091 
3-9595557 
3-5695023 


'3-9596488 


3-9595954 
3+9597440 
3-9597885 
3-9658351 
3-5598816 


3-9699282 
3:95 99747 


3+5700213- 
- Ze9700678 


3-G721143 


3-9701608 
3-9792073 
39702833 


: Z+5 703094 


3-5793499 


N. 
9341 
9342 
9343 
9344 


9345, 


—— 


9345 
9347 
9348 
9349 
9350 
9351 
935s2 
9353 
9354 
935s$ 
9356 
9357 
9358 
9359 


9360 


9361r 
9362 
9353 
9364 
9365 
9355 
9357 
9368 
9359 
9379 
9371 
9372 
9373 
9374 
9375 
9376 
9377 
9378 
$379 
$380 
$381 
$382 
9383 
9384 
9385 
$386 
9387 
9388 
$389 


93590 | 


—_— — 


$391 
$392 


| 9393 


Log. 
3-9703534 
39704399 


3-9705258 
3+9706722 
397071897 
3-9$70765g1 
' $+-9708115 
mn 
3-9703 580 
3+970904 5 
3+9709g0g 
3+970$$74 
3-9710433 
3+9710902 
3-9711356 
3-9711830 
3-9712294 
$+9712758 
349713222 
3-9713636 
3-$714150 
3-9714614 
3-9715098 
39715541 
3.97160cg 
3-9715469 
3-$716932 
3-9717396 
3-97173859 
39718323 
3-9718786 
3$+9719249 
3+$715713 
3-9720176. 
3-9720639 
3-9721102 
3-9721565 
3-97 22028 
3-9722491 
3-9722954 
39723417 
3-9723880 
$+5724342 


3-9727118 


| 3-9727581 
| 3-9728043 


9394 | 3+9728505 
9395 | 3:5728968 


| 


9396 | 


9397 
9398 
9399 
$4<0 


3-9729439 
3-96729892 
39739354 
3-9730816 
3-9731278 


$401 


G nor a Ar $f oe dF aa.” ben 12s £5 ap, as [ 
Awe. Axe te . FH $A 


CIS: 
Ten Chiliads of LoGarlTHaMSs. 
N. Log. | N. Log. F--0 : Log. N, Log. N. Log. 
—_— | | £451 | 3.9759370 9321 | 3-9735826 9581 | 3-92141-8 $241 | 35841221 
(426 50-6 9452 | 3.97599 25 9522 | 39727282 9582 | 3-9814552 9342 $-9941571 
by 3-9732554 9453 | 3.975288 9523 | 3-9787738 9533 | 3-5815015 9643 | 3-9* 32122 
_ 35733126 9454 | 3.9750747 9324 3-5783194 9534 | 3-9315453 9644 | 3-9842572 
4 3-9733588| | 9455 | 39751205 9525 39700698 9585 | 3-9815921 9945 CIE43094 
SY HOAS ol | 9465 | 3.5761555 95265 | 3-97891095 $586 | 3.9815374 $545 | 30843472 
5405 thee $467 C2124 9527 | 3-5789552 $587 | 3-9815827 9647 | 3-92 43923 
pod | $.5734973| | $458 | 35762582 | | 9528 | 3:97500r7 | | 5583 | 35817290 9948 | 3-9244373 
oo 39735435 9459 | 3:5763241 9529 | 3:97$2473 $585 | 39817733 $249 | 3-$844% 23 
g410 | 3-5735895 | | 9479 | 3-5753500 | | 553? | 3:5750329 | | 9599 | 3-9918185 | | $650 39549273 
i 6735358 9471 | 3-9763968 $531 | 3-9791385 9$5sS1I | 39318533 £651 3-98457 23 
Sgt che 5 9.5 "ths 9532 | 3-9791340 9592 | 3.98 19092 9552 | 3-5845173 
= 3-9737280 £473 | 35764875 9533 | 3-9792296 9593 | 3-5819544 $583 | 3-9845623 
o414 | 349737742 | | 9474 | 3:5755334 | [| 9534 | 3:9792751 9594 | 3-5819997 $554 | 3-9847073 
ogls | 3-9738203 9475S | 3:9755792 9535 | $+2793207 9595 IT2ngge 5925S | 3-5847523 
ay 073866 9476 | 3-5766250 9536 | 3-5793562 9596 | 3-5820902 9536 | 3-9849972 
_— bemys 9477 ra 9537 | 3-5794118 397 | 3-9821355 | - | 9557 3-9848422 
2418 | 3-5739587 | | 9478 | 3-9757167 | | 9538 | 3-9794573 | | 9598 | 3-9821807 | | 9658 | 3:5849872 
$419 | 3-5742048 9479 | 3:5767625 9539 | 3+-9795028 9599 | 3-9822260 9599 | 3.5849322 
9420 | 3+97 40509 9480 | 3.9768083 9540 | 3+9795484 $600 | 3-93822712 9560 | 39245771 
youn 9740970 $481 | 3-9768541 9541 | 3-9795939 960r | 3-9823165 9661 | 3.98$2221 
_—_ 44qpid 9482 | 3-97568999 5542 | 3+9796394 9602 | 3-9823517 9563 | 3.9850570 
9423 | 3-9741892 9483 | 3:9759457 9543 | 3:9796849 9503 | 3-9824069 9663 | 3.9351120 
9424 | 3-9742353 | | 9484 | 3-97699g15s | | 9544 | 39797394 9604 | 3-98 24521 9554 | 3-9851565 
$428 | 3-9742813 9485 | 3-9770373 9545 | 3:9797759 960g | 393824974 9565 3-95 52018 
. wy , 2 9486 | 3.9770831 9546 | 3-9798214 .9606 | 3-9825425 $665 | 3.9852468 
—_ pens. 9487 | 3-9771289 | | 9547 | 3-9758659 9507 | 3-5825878 9567 | 3.9852917 
$428 | 3:9744196 | | 9483 | 3-9771747 | | 9548 | 3-9799124 | | g608 | 3-9825330 9668 | 3.9853355 
* [9429 | 3.9744555 9489 | 3:9772204 9549 | 3:9799579 9609 | 3-9826782 9669 | 3-9853816 
$439 | 3-9745S117 9499 | 39772662 9550 | 3-9800034 g95ro | 3-9927234 $670 | 3-9854265 
1 | 2.974867" 9491 | 3-9773120 9551 | 3-9800488 9511 | 3-9827585 $671 | 3.5854714 
_ hd 4a 9492 | 3+9773577 9552 | 3-5820943 | | 9512 | 3-9823138 9572 3-98 55163 | 
9433 | 3-9746458 | | $493 | 3-9774935 | | 9593 | 3-9801393 | | 9513 | 3-9828589 | |} 9673 | 3.9855612 
9434 | 3-9745959 9494 | 39774492 9554 | 3-9801852 g6rg | 3-93 29041 9674 | 3-5856061 
9435 | 3-9747419| | 9495 | 3-5774959 | | 9555 | 3:9802307 9615 | 3:93929493 9675 | 3-9856510 
9436 | 3-97478 9496 | 3-9775407 | | 9556) 359802761 9516 | 3-5829944 9576 | 3-9856958 
437 Cetnna 9497 | 3-9775854 | | 9557 | 3:98-3215 $617 | 3-5830395 | | 9577 | 3.5859407 
9438 | 3-9748800 | | 9458 | 3-9776322 9558 | 3-98-3570 9618 | 3-9830848 9578 | 3-5857855 
$439 | 3-9749260 9499 3-9775779 9559 | 3-9204125 9519 | 3-9831299 9679 | 3.9858305 
| $449 | 39749729 5500 | 3-9777236 9550 | 3-9804579 9520 | 3-5831751 9580 | 3.9858753 
$441 | 3.9750180 95or | 39779653 9551 | 3-9805033 6621 3-9832 203 9681 | 3.98592 : 2 
$442 | 39759640 Sa 3-9778150 9562 | 3-9805487 9622 | 39232653 9682 | 3.5859651 
9443 | 3-9751109 9503 | 3-9778607 $563 | 3-9805941 9623 | 3-9833105 9683 | 3.9860099 
15444 | 3-9751.560 9504 | 3-$779264 955g | 3-9806356 9624 | 3-5333556 9684 | 3.93860548 | 
9445 | 3-9752020 | | $505 | 3-9779521 | | 9565 \ 35306350 | | g6z5 | 3-5834007 | | 9685 | 3-9860956 
9446 | 3:5752479 5506 | 3-9775573 3566 3-9807304 9626 | 3-5834458 | | $686 | 3.585145 
9447 | 3-9752539 | | 9507 | 3-978-435 | | 9567 | 39307758 | | 9529 | 3.9334910 | | 9687 | 3.5861893 | 
$448 | 3-97533c9 $508 | 3.5780892 0568 | 3.98c8212 $628 | 3-93835361 9688 | 3.c262341 
9449 | 3-9753358 | | $599 | 3-$731348 | | 9569 | 3-58c8665 | | 9629 | 3-9835812 | | 9689 | 3:9852725 
9450 | 35754318 9510 | 3-59781805 9570 | 3-98<911g 9530 | 3-9836263 9550 | 3-5863233 | 
— A INS - — —— — OW ——— 1 
9451 | 3-9754778 | | 9511 | 3-9582262 9571 | 3-9809573 $631 | 3-9336714 $691 | 3-9353586 
9452 | 3-9755237 | | $512 | 3-9782718 $572 | 3-9810027 | 9632 | 3-9937165 9692 | 3-5464134 | 
$453 | 3-97555g6 | | 9513 } 39783175 | | 9573 | 3-5810480 9533 | 3-9337516 9693 | 3-9864582 
9454 | 3-5755156 | | 9514 | 3-$723631 5574 | 3-581-534 | | 9634 | 3-9838066 | | 959g | 39855030 
9455 | 3-9756515 | | 9515 | 3-5784088 9575 | 3--81132 9635 | 3-9838517 | 9595 | 39865478 
A— — — — — E—Q 054g AoC. 
$455 | 3:9757075 $516 | 3.5724544 5575 | 3-5811841 } | £636 | 3.5838968 | | 9696 | 3.9855925 
9457 | 35757534 | | 9517 | 39725001 | 1 9577 | 3-9812295 | | 9537 | 3-9839418 | | 9597 | 3-9866374 | 
9458 | 3-$757993 9518 | 3-9985457 $578 | 3-9812748 $638 | 3-5839369 | | 9598 | 3.9866822 
9459 | 3-97 58452 9519 | 3-9785513 | 19579 | 3-$813202 | | 9639 | 3.5840320 | | 9699 | 3.9867269 | 
9460 | 3.9758511 9520 |-3.9786369 | | 9580 | 3-5813655 | 9640 3-98407 70 $700 39867717 


e 


070X 
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084785 68 5800 935752 | $87753 998712 989640 
584502 $85217 985809 | 987773 688727 985555 
o84819 55 | 585834 086825 | 45 | 987755 7 088743 589671 
934839 985350 986841 987811 988758 5989685 
| 9634853 | 55 | 585857 585858 | 44 | 987825 | 8 | 588774 989701 
£34370 g8 5884 086274 987842 588790 89717 
224887 | 5: 985900 986890 | 987858 588805 989732 
$4503 : 9855917 986997 45 c87874 | 9 88821 9897497 
24538 | 53 | 985950 985539 | 45 | 987925 | 10 | 988852 989778 by 
684955 98 5967 $85956 987922 c88868 989793 2 
984y72 $85924 086972 087938 __ 6388883 o89808 'S 
O 984590 59 | 585000 986588 47 | 987954 c8889g9 989824 G 
'S 585007 $86017 $870c4 | 98757 588514 589839 E 
- 985024 | XVII | $86034 987021 | 48 | 587985 | 12 | 988529 989854 S 
E np amen | conc — | 
- 98 5041 9850g0 987037 088002 688945 | g8986g 
5 985058 a 926C57 087053 982018 13 88551 o85885 
S c85095 985084 g987c69 49 | g88034 - | $88977 ] 985900 
985cg2 98510c g87086 5688049 88992 989915 
85109 2 | $86117 587102 | 5o | 988055 | 14 | $8goo8s 989930 
985125 086133 c87118 o88081 $Bgo23 o85c45 
$85143 £85150 987134 988097 | 1g. | $5039 985961 
g85160 | 5 | 985157 587151 | 5 | 588113 985054 985976 
585177 085183 687167 588129 989070 c8g5g1 
$84154 4 | $35200 587183 | 52 | 983145 | 16 | 58go8s 9gcccos 
9285211 85215 987159 988161 938g101 9GoO21 
: | $85228 586233 687215 $88175| g39116 G$COC37 
\ 585244 | 5 | 525245 87232 | 53 | 588192] ' | $85132 $50082 
585251 5685255 087248 c8828 89147 990067 
$85278 5 | 986283 987264 | 54 | $88224| 18 | 589153 Gco08 2 
985295 G85259 5687280 688240 o89178 G$9Ccg7 
985312 | 586316 937295 688255 19 985194 g9goT12 
985327 7 5686332 987313 55 | 588271 989203 960128 | 
$8 5345 986345 687329 988287 929225 650143 
g85363| 8 | 985355 987345 | 55 | 988303 | 29 | $89240 c90158 
— — _— h—— TICS — — — ; 
585380 686382 c87361 £88319 c89256 990173 
$85397 , 585358 937377 683334 | 2x | 989271 - e<g0188 
985414 586415 587393 | 7 | 588350 985286 950203 
985430 | 686431 087409 088356 989302 950218 
985447 | 10 | 586448 9087425 | 58 988382 | 22 | 989317 690233 
$85454 | $85454q £87442 688358 585333 690248 | 
7 19854881]. 5 $8645 1 987458 | , | $8413} 22 9535348 950264 | 
985458 85498 687474 | 688429 085354 950279 
| $85515 ge6514 587450 088445 989365 950254 
1 $8532 I2 c86530 | 987506 XV11K | 88.451 24 89395 550309 


1 = a, | I : y_ 
Motiog. | Motion, 9 | Motion. W-; 2 | tacos. | 7 Morion. | 2 | Morion; | 3 | Moticn. | = | 
wines. | 48 | HH 49 {HH 50 | H ELEE EES: 
| Seconds. 2880 | XIX | 25940 | XIX| 3009 | XX {| 30% | ax | 3129 | Xx | 3180 | Xx! 
o | 99c309 | I2 | 991204 | 35 LINEN O d 992942 | 24 | 933735} 48 | $9.612|» 12 
- 1 | 990324 991219 992095 992955 | 993759 994525 || 
2 | 999339 991234 99211 992970 | 993813 994640 
3 | $90354 | 13 | 991249| 37 | 992125 s | $92984 | 25 | 993927 | 49 | 994654 | 1; 
4 | 999359 991253 992140 | 992998 953341 994657 | 
s | 990334 | 14 | 991278 | 33 | 9532154| 2 | 993913| 26 | 993855 | 50 | 594981 | 14 
mn—t—_— —_— — — — —— _— — c—_— —— — —— ——__— — — 
6 | 999399 991293 992158 . | $93927 | 993858 654595 
7 | 990414 | ,, | 591398) ., | 992183] . 199504 | , | 593882], [ooeref | 
8 | 990429 | 15 | 991322 992197 993955 | 7 | 993896 | 5 [| ggg7a 5 
g | 990444 991337 992212 993059 993910 £94735 
10| 9909459 | - 15 | 991352] 49 | 992226 4 $93083 28 | 993524 | $2 | 594749 | 16 
11 | 999474 | 991357 992245 953098 998938 954962 
12 | -99049% 9913901 992255$ 99gill 993952 954776 
13 | 990504 | 7 | 991395 | 4" | 592270] 5 | gggi25 | 29 | 993565 | 533 | ocanag | 17 
14 | 990529 991411 | 992284 993140 993579 5948-3 
15 | 999534 | 18 | 991425 | 42 | 992298 | 6 | 993154 | 3o | 993993 | 54 | 954817 | 18 
16 | 959549 991449. 952313] | 593158 994007 | 994930 
17 | 990564 99145sS. 992327 993182 994021 594844 
18 | 990579 " 991459 | 43 | 992342 7 | 993195 | 31 | 594635 5s 594357 is 
19 | 999594 991484 992355 993211 994045 994871 
20 | 9g906og | 20 | g91499 | 44 | 992370 8 | $93225| 32 | 994963 | 56 | 994985 | 20 
21 | 950624 991513 992385 993239 594076 $94859 
22 | 999639 | ,, | 991528 992399 | g | $93253 | 994992 | gg | $94912] a 
23 | 990654 991543 | 45 | 992413 £93257 | 33 | 94104 994925 | © 
24 | 990669 g9y1558 992437 993281 994118 $9493 
25 | 590684 | 22 | 991572 | 45 | 992442 | 19 | 993255 | 34 | 994132 | 58 | gg4g52 | 22 
26 | 990699 991587 _ 993309 994145 594966 
27 | $g90714 99100I 9924 11 993323 994160 994979 
[: 28 | 990729 23 991616 47 | 992484 993337 | 35 | 594174 $9 954993 23 
5 29 | $50744 991631 992498 993351 594187 | 595007 | 
S 30 | 990759 | 24 | 991645 | 48 | $92512| 12 | 993355 | 36 | 994291 | XXI| cg5020 | 24 
O—— oo — oo mm —— —— OOO C———————— — —_— | —— 
» 31 | 990774 991660 $$2527 993380 994215 995034 
F zz | 550789 | a, | 991674 | | 992543 | 13 FS93394 | ., | 994228 | | 995047 | a, 
& 33 | 9g0804 991689 992557 $9 3408 9$4242 995061 
34 | 999819 991704 S92571 993422 994256 $95074 
35 | 990833 | 25 | 591718 | 5o | 992585 | 14 | 993436 | 38 | 994270] 2 | ggg088 | 26 
35 | 990848 691733 29000 993450 994284 99511 | 
37 | 990864 | ,, | 991747 15 | £93454 994297 ITTTE: 
38 | 990878 | 7 | 991762 | 5" | 592628 953478 | 39 | 994311 | 3 | 955128] 7 
39 | 950883 | 991777 992643 | , | 993453 994325 995142 
go | g5ogo8 | 28 | ggr7gr1 | 52 | $92657 | 10 | 593506 | 4o | 994338 | 4 | 995155 | 28 
41 | $92923 - 991805 992671 993520 954352 $95169 | 
42 | 599939 | ag | 991820 | _. | 992585} 1, 1993534 | ,, | 994355] , | 595182] a, 
43 | $$0952 991835 992700 £93548 954380 595196. 
44] $90967| 991849 inter 7 HT" $93562 994393 $95209 
4s | S9cg82 | 39 | 991864 | 54 | 992728 | 1® | 993576 | 42 | 954407 | & | 995223] 39 
45 | $5c997 991875 | 992743 99359 994421 595235 
47 | $91G12 z | $91993 5 19 | 993904 994435 $9$250 
483 | $$1027 3 991908 | 55 | 592771 993618 | 43 | 554448 | 7 | 995263 3 
49 | 991042 991922 992785 993632 $9446 2 995276 
50 | 991056 | 32 | 951937 | 56 | 992800 | 32 | 993646 | 44 | 594476] 8 | g952g0 | 32 
$I | 991071 91951 992814 993660 | - 594485 $95303 | 
$2 | 991086 | 2, | gg1965 | . | 952828 | ax [993574] ,e | £94530» , | 995317 | 23 
$3 | 991101 591980 592843 993688 954517 $9 5330 
$4 | 991116 g91995 | g92857 9937cI 9945309 995344 
5s | 991130 | 34 | gg2oc9 | 58. | 992871 | 22 | gg3n15 | 46 | 594544] 10 | 995357 | 34 
— — — —— — — I —— — mw | a _—_ c_— — 
56 | 591145 992024 992885 $93729 c 94558 $9537 | 
$7 | 91160 | ,. | 952038 | ., | 992899} 22 1993743] ,, | 994571] x | 995384 | 2g 
5 | 951175 992053 992913 $$3757 994585 $95397 
$9 | 991190 992068 952928 993771 954595 | 995411 | 
60 | 991204 | 35 | 992082 | XX | 592942 | 24 | 553785 | 48 | 554612] Ia I cg5q241 36 | 
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H YOU RY - | ng = aq 
of Mntton. | Morion. | 2 | Motion. [| 3 | Motion. | 3 | Motion, | = | Motion. | 3 | Motign. | BZ 
FP: IS tra | — mms } . — | —— — Rm ——— a L 
Minutes. | 54 | H | 55 | | 56 Hi $7.1] 58 | HI 59 | H 

{ Seconds. | 3240 | XXI | 3399 wa 3350 | XX11 3420 | XXil | 3480 | xxl 3540 | xx111 
04 "95424 | 39 995221 - 997004 | 24 | 997772 43 | 993528 | 12 | 959270 36 | 
11 995437 | © | 989234 $57017 | 99778 s 998540 599282 
2 | 995451 995247 997020 997792 | , | 993553 999254 
g | £95455 | 37 |$9$269] n | 997042 | 25 | 997819| 4g | 993555 | 13 [999305 | 37 
4 | 995473 1 995274 $97055 | 997823 698577 599319 
«| 995491 | 39 936287 2 | 937058 | 26 | 997835 | 5o | 953590| ng | 999331 | 32 
— 5s 6a IIEND ——_— — IR aan: —— > -  — — $— — 
6 | 995504 | 997081 | 9978 43 993602 999343 
7 | $$g518 5 [999098 | 1 997901-1 Tenet, 1599985 
8g | 925531 97167 j 7 | $97874| * | 959627 959358 | 39 
© | $95545 $97120 | 997885 998549 $9533 
10, 955553 597132 23 | 957859 | 52 | 99*653| 16 | 999352 | go 
11 | £55571 | 997145 937-12 HEE. 959405 
127 $555%5 | $9715 $7925 " | 998677] 1, 999417 | , 
123 | 594558 5 |997171 | 29 | 957937 | 53 | 958639] 7 | 959429] i 
14 | 95511 | | $9718.4 997$5/ $937-2 995441 
15 | 595525 6 | 997197 | 35 | 997953 | $4 | 993714 | 18 | 999453 | 4 
15 | 955 3? 997210 997675 598727 999455 
19 | $65551 $97223 9979 £987 | yp 999478 
12 | 595665 7 | 997235 | 31. | 998009 | 55 | 998752) * | $59499| #3 
1G | 995573 997249 g98013 958754 9955-2 
20 | 955651 8 | 597261 | 22 | 998025 | 56 | 558775 | 20 | 999515 | 44 
—— —— Do — — —— — —— _—— — — — — — 
2 $9575 997274 Og at ha 999527 
22 | 99571 997287 998051 992801] , | 999539 
22 | ©95731 ? | 5973090 | 33 | 953563 | 57 | 599813 999551 | 4 
24 | 995745 997313] _— | 998075 552526 599563 
25 | 595758 be | 9923251 34 | 99000y 1 60 | [Ooenany 98-1. 999575 | 45 n 
25 | 995771 597338 at 5988 51 999588 = 
27 | 995785 1x | 997351 $9811 $93863 | ,, | 9999c0 
= 28 | 955798 957354 35 | 958126 59 $<8876 3 $99512 w” D 
Z 29 | 555811 997377 658135 $3882 $99524 E| 
= 39 | 995614 12 | 997399 | 36 | 992152 | xx1Ill | c93g00 | 24 | 999536 | 48 |& 
er PEPE ——— C—_— <p ——_ — } 
- 31 99 $937 $97.492 pony At" ok FS 995649 
2 32 | $95651 i3 | 97415 | - 999177 | 998925 | ,, | 999991 
S 33 | 995854 3 |$99428 | 37 | og218g| 2 | og8537 | 25 | 999573 | # 
OP 34 ! 995877 $97441 998202 $93949 9995835 
35 | $95891 14 |997454 | 38 | 958214 | 2 | 998g6a| 26 | £59597 | 50 
36 | 995903 6595652 997466 5993227 998574 699709 
37 | 995517 | oy 995705 | ug | 997479 | ,, | 998240 2 e53:87] 29 | 999721] os 
33 | 995930 995718 997492 | © 958252 958959 $9$734 
39 | 995944 996731 $97505 998255 999912 999745 
ho | 995958 | 52 | 956744 | 15 | 5975179 | 40 | 958278 | 4 | 959024 | 28 | 9:9758 | 52 
| qt | 595979 956757 | 997539 958250 $990 36 959779 
42 | 995983. | , | $9877 17 1957543 | up 999302]  , [999945] 2g 995782] 
43 | 995997 £95783 | $97555 958315 || 599061 595794 
44 | $5510 £95755 | 997569 998327 $99073 959806 
| | 45 | 995023 | 54 | 595809! 18 |$57551 | 42 | 958349 | 6 | 959086 | 30 | gg9e18 |. 54 
|, 45 | 996636 | 965812 | 957594 558352 595058 959931 
47 | 59550 |. | 995835 | tg | 997607 | . | 998355] , [S999 Þ ar 995043 | 3s 
43 | $5663 : $968.48 957620 998378 599122 959855 | 
: 49 | 995076 | 956861 957632 £9829- $95135 5699867 
50 | 996029 | 56 999374 ; 29 |'597545| 44 | $989go3| 8 | g59147 | 32 |9:5g879|] 56 | 
| A—_— } w———_—  —— — 7; —_T ew. 3. ca ES CS TY ee no pen 
| $1 {$5362 | | 95897 $975 58 992415 £99159 cogegl 
' 52 | 599316 | $5650 | 2x | $7671 98428 999172 995903 | cn 
5; | 996129 þ 57 | ceogrs 997683 | 45 | 558440] 9 | 569124] 5 | gg5915| | 
54 | 955142 £96925 997656 952453 $9156 999<27 
| 55 | $5655, 59 | 956c39. | 32 | 997709 | 46 | $g8465| 10 | $9929 | 34 1 999939 59 
<5 | FIp3.53 | | £56552 $97721 £98478 999221 5929517 
57 | £90261 | | $6565 | 2, | 997734 958450 959232 955993] og 
52 | 9960 FS? ” \gc6598| 3 [57947 | 7 |gg8503 | ©! | 599245 3s logggns| ” | 
| 53 | 999Rc8 | | Br 6gg1 997760 998515 9992508 999588 " 
60 | 596221 | NX1I | :57004 | 24 | $59972 | 48 | o585a8 | 12 I ggg270 | 35 | roocoo | XXIV: 
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Logiſtical Logarithms. 


| | 
$ | Log.1*o! | Log.n*®1' | Log. 12! all Log.1"4! | Log:1*s! 
o | 1000099 | 1900918 | 1091424 | 1002119 , 1502803 | 1003475 
1 | 10-0012 | 1202930 | 1001435 | 1002139 | 1002814 | 1003487 
2 | 10090024 | 1000742 | 1001447 | 1002142 | 1002825 | 1003498 
2 | 1000035 | 1000754 | 1001459 | 1002153 | 1002835 | 1003509 
4 | 1009943 | 1000755 | 1001471 | 1002165 | 1002848 | 1003520 
5 | 1900050 | 1000777 | 1001433 | 1002176 | 1002859 | 1003531 
6 | 1-60072 | 1000739 | 1001495 | 1002183 | 1003871 | 1003542 
7 | 120084, | 1000801 | 1001505 | 1002199 | 1002832 | 1003554 
8 | 1000095 | 1000813 | 1001517 | 1002211 | t0028g3 | 003565 
9 | 1000913 | 1900825 | 1001529 | 1002223 | 1002904 | 1003575 
1> | 1000120 | 1000837 | 1001549 | 1002234 | 1002916 | loozg8y 
$— - | _ > — = am—m—_—_— 
11 | 1000132 | 1002343 | too1g52 | 1002245 | 002927 | 1003598 
12 | 100014, | 1000360 | 1001564 | 1002256 | 1002938 | 1003509 
13 | 1000155 | 1009372 | to01575 | 1002268 ; 1002949 | 1003620 
14 | 1900163 | 1000384 | loo1587 | 1002279 | 1002951 | 1003532 
I; | 1000180 | 1000395 | 1001599 | 10022 31 | 1002972 | 1003542 
15 | 1002192 | 1000907 | 1001510 | 1002302 | Io002983 | 1003653 
17 | 1000204 | 1000919 | 1001522 | 1002313 | 1002995 | 1003554 
18 | 1000215 | 1000931 | 1001634 | 1002325 | I003006 | 1003675 
19 | 100223 | 1c00943 | 1001646 | 1002337 | I003017 | 1003696 
20 | 10092409 | 1000954 | 1001553 | 1002348 | 1003028 | 1003598 
Sn — © — — — = 
21 | 1000252 | 1000965 | 1001668 | 1002360 | 1003049 | 1003709 
22 | 1000264 | 1000978 | 1001630 | 1002371 | I0030gs1 | 1003720 
23 | 1000276 | 1000990 | 1001692 | 1002382 | 1003062 | 1003731 
24 | 1000288 | 1001001 | 1001703 | 1002394 | 1003073 | 1003742 
25 | 1000300 | 1061013 | 1001715 | 1002405 | 1003084 | 1003753 
26 | 1000312 | Ioo1025 | 1001726 | 1002417 | 1003096 | 1003754 
27 | 1000324 | 1091037 | 1001738 | 1002428 | 1003108 | 1003775 
23 | 1000336 | 1001049 | 1001750 | 1002439 | 1003119 | 1003985 
29 | 1000348 | 1001060 | 1001761 | 1002450 | I003130 | r003797 
30 | 1000360-| 1001072 | 1001773 | 1002462 | 1063141 | 1003808 
31 | 1000372 | Icor084 | 1001784 | 1002473 | 1003152 | 1003819 
32 | 1000384 | 1001096 | 1001796 | 1002485 1003163 | 1003830 
33 | 1020395 | 1001108 | 1001807 | 1002496 | 1003174 | 1003841 
34 | 1000408 | 1001120 | Iool819 | 1002508'| 1003185 | 1003852 
35 | 1000420 | 1001131 | 1oor831 1002519 | 1003197 | 1003863 
35 | 1000432 | Ioon43 | 1001843 1002530 | 1003208 1003874 
37 | 100-444 | 191155 | 1001855 | 1002542 | 1003219 | 1003F88g 
33 | 1000455 | 1001166 | 1004865 | 1002553 | 1003230 | 1003895 
39 | 1000468 | 1001178 | 1001877, 1002555 | 1003242 | 10039097 
42 | 1000480 | 1001190 | 1001883 | 1002576 | 1003253 | 1003918 
41 | 1000452-| 1001202 | 1001900 | 1002589 | 1003264 | 1003929 
42 | 1000504 | 1001214 | Iootg12 | 1002599 | 1003275 | 1003940 
43 | 1000516 | 1001226 | 1001923 | 1002610 | 1003286 | 10039gH 
44 | 10c0528 | 1001237 | loci934 | 1002621 | 1003258 | 1003552 
45 | 1000540 | 1001248 | loolggs | 1002632 | 1003309 | 1003973 
45 | 1000552 | 1001260 | 10c1956 | 1002644 | 1003320 | 1003984 
47 | 1000563 | 1001272 | 1co1965g | 10026$6 | 1003331 | 1003995 
48 | 1000375 | 100128444 10-1981 | 1002667 | 1003342 | 1004006 
49 | 1c00587 | 1001256 | 1001993 | 1002678 | 1003353 | 1004018 
go | 10co0599 | 1c01307 | 1002004 | 1002689 | 100336g | 1004029 
g1 | 1000611 | 1001319 | 1002015 | 100270T | 1003376 | 1004040 
g2 | 10cc623 | 1001330 | 1002028 | 1002712 | 1003387 | 100go5g1 
53 | 1000635 | 1001342 | 1002038 | 1002923 | 1003398 | 1004062 
54 | 1000547 | 1001354 | 1002050 | 1002735 | 1003409 | FO0g$oJy 
$s | Ioco65g. | 1c01366 | 1o02CS1 | 1002746 | 1003420 | 1004084 
hn __ —_ — n—  wM__——_—_— 
$6 | 1000670 | 1001377 | 1002073 | 1002757 | 1003431 | r00go0gs 
$7 | 1000582 | 1c01385 | 1c02084 | 1002969 | 1003442 | 10041496 
$3 | 10c06c4 | 1001390 | Io0020g6 | 1002780 | 1003454 | 1004117 
$9 71 mers ICO1412 Dy 1002792 | 1003465 | 1004128 
60 | 1000718 Jpeg. 1002119 | 1002803 | 1003476 1004139 
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1004139 
1c04150 


1004161 - 


1004172 
1004183 
1004194 


1004205 
1504216 
1004217 
1004238 
1004249 
1004260 
1004279 
1004281 
1004292 
1004303 
1004314 
1004325 
1004336 
$004347 
1004358 
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10043569 
10043%0 


| 1004392 


1004402 
1004412 
10044233 
1004434 
t00441s 
1004455 
1004467 
10c4478 
1004499 
1024500 
1004510 
Ioo4521 
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1004532 


1004543 
1004554 
1004565 
1004576 
1004585 
1004597 
1004608 
1004619 
1004630 
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1004662 
Ico4673 
1004584 
l004695 
1094706 
1004917 
10047 28 
Ic< 4739 
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10047960 
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1004781 
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1004803 
1004314 
1004825 
r0043 36 
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1004911 
1004522 
1004933 
1004543 
1004554 
1004965 
1004976 
1004935 
1004997 
lo05008 
1oogolg 
100403ZO 
1005049 
IoogogT 
1005052 
1005073 
1005084 
1005035 
1005109 
1005116 
IcogI26 
t005137 
1005147 
toog1 58 
1005169 
loog179 
Ioog190 
005201 
Ioog212 
1005223 
1005233 
1005244 
1005254 
l005265 
10052376 
1cog287 
1005ag8 
1005308 
1005318 
1005329 
1005340 
1005350 
1005361 
1005372 
1005383 
1005393 
1005404 
1005415 
1cC0542g 
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1005447 
1005457 
1005468 
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1005510 
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1005531 
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Tooggg3 
loO4563 
1095574 
Ioog584 
Ic056g5 


2005606 
1605616 
I005627 
1005638 
1005548 
1005559 
1005669 
1005680 
1005690 
1005701 
toog7H1 
I0OF 722 
1005733 
I005743 
1005754 
1005754 
1005775$ 
1005785 
1005956 
1005807 
1005818 
10058328 
1005838 
1005845 
1oo5859 
1005870 
toog880 
ioog8g1 
LOC $901 
IoO5912 
1005933 
IcO5g33 
1005944 
1005954 
loogg6s 
1005975S 
1005986 
1005996 
toc $009 
1006017 
loc6yuas8 
1co6038 
1006049 
Icobogg 
1006099 
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1005070 
1005080 
1006091 


1006101 


t006TLA2 


1006122 


1006133 
1006143 
1006153 
1006 164 
1006174 


lo0618 5 
006195 


1006206 


1006216 
1006227 
1006239 
1006 248 
1005258 
1006 263 
1006279 


—— — 


1005289 
1005300 
1006310 
1006321 
1005331 
1006342 
1005352 
1006362 
1006373 
1006383 
1006394 
1006 494 
1005414 
1006425 
1006435 


MY 


1006445 
1006456 
1006465 
1005477 
1006487 
1006498 
1006508 
1006518 
1006 5259 
1006539 
1006550 
1006560 
1006$70 
1006 581 
1006 $51 
1006601 
1005611 
1006622 
1006632 
1006643 
10066 53 
1006663 
1006574 
1006684 


10065Sg5 


Lo.1*1o! 
1025595 
1005725 
1005715 
1006725 
100573s 
1006745 
1005756 
1005 76 7 
1006777 
10067837 
1006798 


1006308 
1006818 
1006325 
1006339 
1006349 


- ——— — 


Lo.n 117 


10973i1k 
1007321 
1007331 
1007 341 
1007351! 
1007352 


1007372 
1007382 
1007392 
10074902 
1007412 
1007422 
1007433 
1007443 
1007453 
1007453 
1007473 
1007494 
1007494 


| 1007504 


1007514 


< —— % 


1007524 


| 1007534 


1007 544 
1007 554 
1007555 


1007575 
l00758g 


1007777 
10077897 
1007797 
1009807 
1007817 
10078 27 
1007837 
1009348 
1007858 
1007863 
1007878 
r007288 
2007858 
1007 508 
1007513 


£45 IS NE HT 


CANON 


Artificial Sines and Tangents, 


Complements Arithmetical. 


Degrees Ss; 


_——— 


Degrees 59. - 


my | Sign. has Arith. | B | A Tangent. | 6 | © 
_ "y 60 © © | 00.0050000 5 62 
O 20} ha inls et «I pes 59 1 | $.4537261 | 13.5362739 | 59 
: Hs Hub ah bh 4h —— 0-0000001 58 2 | 6.764752 | 13-2352438 | 58 
[LE OT TITRE | | 30591525 | 00000002 | 57 3 | 55428475 | 13-2551525 | 57 
3 | 6.9408473 | $-999999 4h _— aodbies | ub 4 | 7-0557853 | 12.5342139 | 55 
"2 25 14499 444 is 44h; BY $4: 4440508 ponent] s | 71525364 | 12.8373036 | 55 
5 | 71525950 | 9:9999995 GEITINGD | 6.0000008 1 25 os | rooms | os 
Fg 8 CS 6 | 15.2418973 | 12.753 1222 
6s | 7-2418771 | $-9999993 ne 1229 ppg 53 7 99 det) $995 change 4 
7 | 7.3 88239 | 99999991 _— '8 NPSSLa $2 8 | 7.3558159 ; 12.6331831 =_— 
8 | 7.3668157 | 9:9999988 " gy 43 no: op © | 7.4173695 | 12.5220304 | 51 
9 | 7.4t79581 | 9:9959985 05A AY aan 7 [9 10 | 7.4537273 | 12:5362727 | 50 
10 | 7-4537255 | 99999982 | | 25352745 | 00000918 | 57 je 01-bit bY FG 
—_ | ——_—_ ” ; 11 | 7.5051203 | 12:49487 9 
11 | 7.5051181 | 99995978 or ma 48 12 Cn 97 2G alt 4s 
v2 | 7-9625005 | 9PT95974 ” 14 Shag 0.000069 165 13 | 75775715 | 12.4223285 | 47 
13 | 7.5775584 | $-9999999 52—"I3 © 46 14 7.5098555 | 12.3991434 46 
14 | 7.6098530 | 5:99995%4 _—— L I 15 | 7.6398201 | 12.3521939 | 45 
1s | 7.5399160 | $:99$9959 23501040 aces Fab | Bo es tacos *.— 
—_ # 0 De 15 | 7.65-8452 | 12.33215c8 | 44 
15 | 76678445 | 9:9999953 | | 2-3321558 oconnnng7 | 6a | 17 | 7:6941785 | 12.3053214 | 4 
17 | 7.6941733 9547 earn £2.59 18 | 9.7150525 | 12.28-9574 | 42 
Rs ne | 1 ne) eoooogs [an | 1. | 55324841 | 12:2575155 | 41 
19 | 7-7424775 | $:9999934 | | 22575525 | vent C ; 22 | 7,9647519 | 12.2352350 | 40 
20 | 7.764737 | 9:9999927 | | 52352463 | 9:9009073 | 49 Hans [= oY 
ez Bos mA oor Ley ys a * 21 | 7.7859e&c83 | 12.-2140492 | 35 
2 ee [Pane | | aaghace [ncoonty | 5 2 | aooige | r2ug30y | 
22 | 7.8261458 | 9+ ' : 22 | 5.8254504 | 12.1745356 | 37 
1 | 7a54909| 9999998 | | 174642 | ons? | 37 ook 
24 | 7.343933 : ' : 26 12.1383252 
25 | 7.8616623 | 99999885 | | 2-1383377 | 0-00001nrs | 35 2 peo n.ag 2287 66.0006} A 
od NES: ths 25 | 5.89270979 | 12-1212923 | 34 
25 | 5.8785953 | 9:9999875 eangeg? 60 00EEE TIS 9 74 qnþS444 ors 33 
27 73950054 v5 ep | 4555 ot. RIG, 2 << 28 | 7.9108938 | 12.0891062 | 32 
29 | 7.9108793 | 99999 29 | 57-9261 12.0738656 | 31 
29 ay rh 9.9999845 2,0738310 EY Is 31 | ©. 4-498 3 12.0591416 | 30 
39 | 7-9408419 95959835 EIPINEN | GODLLLEY LE if > 3: >] 
_} Xa 1 | 7 9550c9g6 | 12.04490094 29 
31 | 7.955819 | 9-9999823 | | 2:0449181, var an? © x4 0 7 2588036 12,2311114 | 28 
32 | 7.962868 | $-9999812 a 55 906-v5" Es 27 33 | 7-9822534 | 120177466 | 27 
33 | 7-9822334 | $+9595800 —_ wi oeotole Joc” 34 | 7-9952192 | 12.0047808 | 26 
34 | 7-9951580 | 9-9999738 | 1 2-0043029 | $,9000212 | 2 35 | 8-9078092 | 12-9921908 | 25 
35 | 8.2077867 | $:9599775 GIFSTLIS | BD Y EOS 5 4 Ml m_ 
_ — & Ry - 5 | 8.020: 11-979-555 | 24 
36 | 8.0200207 | $-95957 62 4 4 4h as hg x "pe 11.9620554 | 23 
37 | 8.0319155 | $:9999748 lp - nd Se 05 33 | 8.435294 | 11.9564726 | 22 
38 | 80435009 | 9-9999735 | | 1-9564991 | 0:0000295 | 23 35 | 8.0548193 | 119451806 | 21 
39 | 8.0547814 | 9-9999721 | | 1-2452186 | 0.0000275 40 | 8.c658057 | 11.9341943 | 22 
40 | 8.c557763 | 9:999 9705 IIH2337 |} 202000294 | 20 we ; - | — 
hw 2.0765306 | 11.9234694 | 19 
41 | 8.0764997 | 9-9999551 | | 1-9235003 | 0:0000309 þ 15 $4 30852279 | 119130030 | 18 
42 | 8.08696 45 9:999$676 «pe Eg + EY x 43 | 8.0972172 11.50295828 | 17 
43 | 8.c971832 9: 9999660 | or 6a oben - 44 | 8.1092025 | 118927975 | 16 
8.107165g | 9-959: 644 EST 11.283036565 | 15 
2+ 8.4 169262 9.999638 | 1.8830738 | 0.0:00372 | Is 45 8.1159634 RETEY ry 03 
_ — |- * von 8.1265099 | 118934501 | 14 
45 | 8.1264710 | 9-59595S11 35900 ee, 46 ws. - | as hes ape 13 
47 | 8.1358104 | ©:5599594 py Ea > 48 | 8.1445956 | 118550044 | 12 
48 | 8.1449532 | 9:5599577 : So CLOS : Kh 49 | 8.1529516 | 11.8460484 | 11 
49 | 8.1535075 | 5*9955559 | | 1on40 525 —y_ ” | 81627367 | 11.8372$33 | 10 
50 | 8.1626808 | 9.9595 541 | | 1-8373192 | 0.000045 | Ic th $a | 
moms —. SY P 2.1713282 | 11.8286718|] $ 
$1 | 8.1712804 | 9-9999522 road ps -4 _ 2.1957526 11.3202374 | 8 
52 | 8.179712 | $99: 9503 + ag 44] ws 3 fp $3 | 8.1820364 | 11.8119635 | 7 
LE bo bind bee 444954 I ret peeeeet EY $a | 8.1551556 | 118033444 | * 
54 | 8.1961020 | £49999464 EDIELEO | G:OOCONY 8.2041259 | 17558741 | 5 
55 | 82040703 | 9$-9955444 | | 1-7959297 | 0.c0c0556 <} id, 45 5s =_— a A 
_  ---ww—_ £50 RR 8.211G526 | 11.7880474 | 4 
56 | 82118549 | 9.9559424 1+ ht ODOOgfE | 4 _e i igSach 11.7803592 | 3 
57 | 82195811 | 5:9599453 | | 1-7804189 | 0.000057 | 3 58 |8-2:71953 | 11-7728-47 | 2 
oe | Chaneaas 1 p-5998392 | - | 17720965 { o.ocordt8 | 3 *o | 8.2346208 |11.7653792 | | 
| 59 | 8.2345*68 | 5-<599350 | | 1-7554432 = | So | 8.2419215 | 11.7580785 | © 
60 | 8-2418553 | £-5595338 | | 1-7581447 | 0.0cc0052* © qa angie 
; pgent. 
| ] Co. Arith. | S1gn. | | Kt Fees <= & SK 


Degrees 1: 


Co. Arith. 


——_— 
De | Sign» 
MY j. —— 
o| 8.2413553 | 9.9999339 
9-9999315 
9-9999294 
9:9999271 
9.9999247 


: | 8.295135 | 9-9995224 
on ha 


23977134 | 9:9999175 
7 | 9.9999159 
9.9999125 

| 9.9999100 


| — 


6 | 8.2332434 | 9-999922- 
7 
8 


9.9999974 
9.999994 
9.999502 
9.9993994 
9.9993 955 


—————— 


| 
11 | 8.314953? 
12 | $.3210259 
ly | 8.3250153 
14 | 33329543 
is | 8.3387 529 


PR eons 


: I1.7037933 


9.5993939 
9.9998911 


15 | 843445043 
19 8,35-1895 
3 | 8.3557335 \ 9-9993852 
| 1g | 33513150 | 9-9993853 
10 | 8,3667759 | 99998324 


LCC 


—_—_ 


— ————_—_r— 


21 | $.3721712 
122 | 8.3774938 
nz | 8.3827920 
[24 | 8.3879522 
245 | 2.3931008 


99993764 
949998734 
9.9998793 
9.<938672 
9.9998541 
9.9998509 
9.9998577 
9.9998 544 
9.9998512 


On ——_— — 


26 | 8.3981793 
2) | 8.493199 
o 23 | $.40981514 
29 8$.4130675 
30 | 8.4179150 


| 
| end 
| 1.75381447 pavers = | 69 


| — — 


1.75295583 | 00000584 
0.0090705 | 58 
0.92007 29 | 57 
0.0090753 | 55 
0.000077$ | 55 


1.7439957 
| 1.7359576 

1.7321199 
1.7233854 
1.7157 555 
19102256 


0.0090800 | 54 
0.00093 25 | 53 
0.00008g0 | 52 
0.0200875 | $1 
 0.0202900 | $9 


1.6974542 
1.9912259 


| —r—— 


1.638 52454 
1.67389731 
1.6729837 
1.5570757 
1.5512471 


0.900009265 | 49 
0.0020953 | 48 
0.0000979 | 47 
0,0001005 | 46 
0.0001034 | 45 


0,000106 
0.0001089 | 43 
0,0001118 | 42 
0,0001147 | 41 
00001176 


1.5554957 
1.6493195 
1.6442155 
1.6 385850 
1,.6332231 


— — — —— 


9-9993794 | 


9.9993478 


21 | 8.4227 163 
32 | 84274521 | 949993445 
23 | 8.4321551 9.9998411 
14 | 84357999. | 9-9998375 | 
35 | 84413544 ie | 


35 | 8.4459499 | 9:9998306 | 
37 | 8.4504402 | 9+9999271 
8.4548934 | 95993235 
39 | 8.4598013 | 9:9998199 
40 | 2.4536549 | 0.9998152 
_ | umn _ 


SS 


41 | 8.45708 50 9.9998125 
q2 | 8.47 22526 9:95998c83 
43 | 8.47 64984 | 9:9798050 
44 Ln rr 


45 | 8.4848479 | 9-99979"4 


45 | 8.4838 9632 
q7 | $.4930393 
4 | 8.497073 4 
49 | 8.5010793 
$ | 8.5950447 
g1 Tp 85735 

8.51285 73 
63 | 8.5167204 
54 | 85205514 
35 | 8-524343- 


9.9997935S 
6.99978: 6 


0.9997553 


——_ 


9.999752? 
9.9997 484 
9.9997441 
6.9997398 
949957354 


56 | 8.5281c17 
67 | 8.5318281 
58 | 8.5355228 
$9 | 8.5391803 
60 | 8.5428192 


1.6278 290 
1.5225012 
1.5172330 
1.6120378 
1.6058992 


—_— 


0.0001206 | 39 
0.0001235 | 38 
0,2001265 | 37 
0.0201297 | 35 
0.0c01328 | 35 


rr Gr r— Gn n—_— ——_———— 


1.6018207 
1.5958010 
1.5918385 
1.53869324 
1.58203810 
1:5772832 
1.5725379 
1.5673439 


0,.0001359 | 34 
0.000139 | 33 
0.0001423 | 32 
0.0001456 | 31 
0.9001433 | 30 
0,0001522 | 25 
0.0021555 | 28 
0,0001589 | 27 


9.9997736 | 
9.9997 555 | 


046957612 | 
9.999757 


1.55 32001 
1.5535956 
1.5542591 
1.5495598 

1.545 1056 
| 1:5405587 
1.535335! 


0,0c01524 | 26 
0,20016558 } 25 


0.0001694 | 24 
0,0001729 | 23 
0,0001765 | 22 
0,0001801 | 21 
00001833 | 20 | 


— 


[5320150 


00001875 | 19 
0-0001912 | 18 
00001950 | 17 
0.co01983 | 16 
0.000025 | I5 


0,0002065 | 14 
0.000 2104 | 1I3 
0-0002144 | 12 
00002183 | 11 
0.0002224 | 1 


1.505$602 
1.5029216 
1.4989202 
| 1.4949553 
| 
| 


| 
_ 
| 1.4110358 


_L——— 


| 35 | 34451193 


| 40 | 8-46 33485 


F4 
— 


Tangent. | 


— 


_ —_— 


11.7580785 | 50 
11-7508985 | 59 
11.7433351 | 58 
11.73568847 | 57 
11.7300437 | 56 
11.7233083 | gg 


8.2451015 

3.2 $$1545 

8.263153 
4 $.2593553 
p 8.2765912 
6 


| 8.2419215 


©) 
1 
2 
3 


| ————— 


8.2833234 
$.2898559 


11.7155756 | 54 
; 8.2962917 
9 
Gs) 


117101441 | g3 
11.9937023 $2 
11-5973555 | g1 
11-6911158 | gof 


8.3925335 | 
8.30983842 


rm — 


11 | $.3150452 
12 | 8.3211221 
13 | 8-3271143 
14 | $-3332249 
Ts 8.33885 53 


11-6849538 | 45 
11-6788779 | 48 
11.5728857 
11.655975$1 | 46 
11,.6511437 


15'\} $-3445195 | 11.6553895 


11.6497105 | 43 
r1.5441c47 | 42 
11.53385703 | 41 
It-$331C55 | 40 
11.6277c85 | 39 
11.6223777 | 38 
11.6171114 | 37 
11.6119082 |] 36 
11.6067664 | 35 
11.6016348 | 34 
11-5966619 | 33 
11.5916963 | 32 
11.5867868 | 31 
11-5819321 | 30 
11.5771310 | 29 
11.5723824 | 28 
11.5676850 | 27 
11.5530378 | 26' 
11.5584397 
11:5538897 | 24 
11-5493869 | 23 
11-544930T | 22 
11.5405186 | 214 
11.5361514 | 20 
$1.5318275 | 19 
11.527542 | 18 
43 | $-4755933 11-5233067 | 19 
8.480892 | 11.5191080 | 16 
8.485050s | 11.5149495 | 15 


13 | $:3558553 
19 | 8-3514297 
20 | 83598945 


21 | $-3722915 
22 | 83776223 
23 8.3328886 
24 8.3380918 
25 | 8-3932336 


26 | 8-3933152 
27 | 8-4033381 
28 | 84083037 
29 | 84132132 
30 8.4180579 


31 8.4228690 
32 | 34 196 


35 8.4415503 


oY Supa. 


37 8.45-6131 
33 | 8-4552699 
39 | 8-4594814 


41 8.458 1725 
42 | 84724538 


45 8.48916g6 | 11.5108304 
47 2.4932502 | 11-505 7498 13 
48 8.4972928 | 11.5027072 | 12 
49 8.5912982 | 11.4997018 | x1 
go | 8.505251 | 114947929 | 10 


Ped : 


Degrees "a 
5 | 


1.410264 | 0.0002264 | 9 $1 | 8.5292001 | 11,45907999 | 9\. 
| aye (04e- 0.0002305 | 8B $2 8,5130970 11.4865022 | $8 
| 14832736 0.0002347 | 7 $3 SHO_ 11.48303387 | 7 
| 1.4794486 0.0002388 | 6 54 SOS 11.4792098 | 6 
| 1.4756570 | 0-0002430 | 5 55 | £+5245900 | 11,.4754149 | 5 
| 1.471893 | 0.0002473 | 4 55 ot 11.4716510 | 4 
| 14581719 0,0002516 | 3 $7 | 9+5320797 11.4679203 | 3 

1.4644772 | 09002559 | 3 $8 | 8-5357727 | 114642213 | 2 

145-8137 0,0002602 I | 39 | 5394455 11.4605534 | 1 

1.45718: 8 | 0,09002645 | © 60 | $-5430838 | 11.4569162 | © 
—— — Ws TO —— Tv 

| | Co. Arith. | Sign. | 1 | Tangent. | 


— — 


Degrees 2: 


—_— ﬀÞ 


| D. | Sign, | Co. Arith, | | | Tangent. 
— DD ———_— nn — | — > —————_—_— eres 
o\ 3.53428192 | 99997354 4471808 0.0002545 | 60 | | o| 8.5432833 | 11:4559162 ho 
i | 3.5454218 | 99997309 1.4535782 | 0-0002691 | 59 | 1 | 8 54659909 | 11:4533991 | z 
2 | 3.5499948 | 949997255 1.45299052 | 0.0002735 | 58 t 2 8.5522533 | 11.4497317 59 
3 | 8.5535383s | $:9997220 1-4454514 | 00002780 | 57 = 3.5538155 11.4451334 - 
4 | 8.5570535 99997174 1.4429454 | 00002825 | 55 i 4 8.5573392 11.4425638 | <5 | 
5 | 8.5505424 | $-9997128 | | 1-4354595 | 0.9002372 | 55 | H HIRIC | TL429T724 | 
— | _ — | -—_— — CS —— rae 
6 | 8.5539994 | 9+9997002 1.43652005 | 0.0002918 | 54 | 6 | 3.5$42912 | 11.43579088 ; 
7 3.5574310 9-$997035 1.4325599 0.0002254 | 53 7 8.5977275 | 11. 4322725 44 
2 | 8.55908357 | $-9995959 1.429543 | 0.-003oll | 52 ' 8 | 8.5711358 | 11.4288532 4 
g  8.5742139 Ce9995942 1.4257851 0.0003058 | 51 | 9 8:57451997 1142548 >3 0 
10 | 8.577550 | $-9995894 1.4224349 | 0-0923106 | 59 10 | 8.577875s | 114221234 | <> 
11 | $.5308923 | $-9955245. 1.4151077 | 0.9993154 | 49 11 | 8.5?1077 | 11.4187923 49 
12 | 8.3341933 | 99995798 1.4158057 | 0.09-3202 | 48 12 |.8.5245135 | 11-4154354 | 18 
13 | 8.5394694 | 95995749 1.4125395 | 0.9-9325I | 4 13 | 33877945 | 11.4122955 | 4, 
14 | 8.5997209 $9.9996790 1.492731 | 0.0003300 | 4 14 | 8-5910509 | 11.4039491 46 
Is | 8.5939433 9.9995559 1.4950517 | 2-2023350 | 45 Is 8 5942332 l1.4257158 4s 
16 | 8.597 1517 | 95996501 [.40234?Z3 | 0.093399 | 44 15 | 3:5974917 | 11.4"25083 | 44 
17 | 8.6003317 | 9:9995550 1.359 633 | 0.0023450 | 43 | 17 | 2+5-05767 | 11.3993233 | 3 
18 | 8.6034885 | $+9995500 1:3955114 | 9-0923500 | 42 18 | 85233386 | 11.3951614 4: 
12 | 3.5055225 |9-9995449 1.3933774 | &-093sSSL | 4 19 ; 3.6059777 | 11.3930223 | 1 
20 | 8.6097341 | 99999397 1.39026 59 | 0-9003622 | 40 20 | 8.510-943 | 11.3859257 40 
21 | 8.5128235 | 9.9995345 1.335176; | 0-0003654 | 39 21 | 8.613188 | 11.32682111 39 |. 
22 | 8.6148910 9.9995294 1.3241090 | 00003796 | 33 22 j 86162615 | 11.3837384 23 
22 $.6189369 9.9995242 1.3310531 0.003758 37 23 $.9193127 11.3505873 27 
24 | 8.6219516 9.9995189 1.3780384 | 0-0-03311 | 36. F+ 8.6223427 11.3775573 35 
25 ) 8.6249553 9.<955135 I1.3759347 0.0003354 35 | 25 | 8-6253518 | 11.3745482 35 
26 | 8.6290484 | 9-99-6282 1.372016 | 00203913 | 34 25 | 8.6283492 | 11.3716g98 | 24 
27.| 8.630g111 | $+9995028 1.369083g | 0-0093972 | 33 27 8.5313083 I1.3586917 33 
28 | 8.5333 537 | $+9995974 1.3551463 | 9-0904025 | 32 28 8.5342553 11.3557437 | 32 
29 | 8.63577654 | 99995919 1.3532235 | 9.0004031 | 31 | 29 | 8-5371845 | 11.3628155 1 31 
30 | 8.5395796 9.999585 5 1.3503204 | 9-2204135 | 30 ; ZO 8.6400931 - -3599069 | 30 
— —— —_— Hs ACS aud Saws PRES 
31 | 8.5425534 | 9+9995309 1.3574365 | 9.200419 | 25 31 | £.5429825 | 11.3570175 | 29 
32 | 8.6454252 | $959 W$3 1.3545718 | 90024247 | 23 32 | 8-5458528 | 113541472 | 28 
33 | 8.6482742 | 9:9999997 |. 1.3517258 | 0.02994303 | 27 33 | £:54%7044 | 11.3512956 | 25 
34 | 8.5511016 | $-999554T | | 1-3438984 | 0.9904359 25 34 | 85515375 | 11-3484625 | 25 
35 | £.5539109 | 99995584 1.34508g3 | 9-2004416 | 2g 25 | 8-5543522 | 11.3456478 | 25 
— — —— — as " —_— 
35 | 8.55575019 | 99995527 | | 13432583 | 0-2994473 | 24 36 8.5571499 | I1.3428510 | 24 
37 | 8.5594748 | 9:9995469 1.3495252 | 0-000453I | 23 37 8.5599279 | 11.3400721 | 23 
3? | 8.6522303 | 95995411 1.3377697 | 0.990458 | 22 33 | 8-55260g1 | 11.3373109 | 22 
39 | 8.6649684 | 9:9995353 1.3350315 | 9.000454 7 | 21 39 |8-5554331 | 11.3345669 | 24 
40 | 8.65763g3 | 9:9995295 1.3323107 | 0-2004705 | 20 | 40 | 85681598 | I, 3318401 | 25 
1 41 Bn 9.9995236 1.3296063 | 0-0004764 | 19 41 |8. 5708597 | 1 1.321303 | 19 
42 | 8.6730804 | 99995176 1.3259196 | 0-00048 24 | 18 42 | 8.5735528 | 11.3264372 | 18 
43 | 8.5757510 | 9-9595115 1.3242490 | 00004824 | 17 43 8.6752393 | | 11.32376Q7 | 19 
44 | 8.5784052 | 99995055 13215948 | 0.0004944 | 16 44 | 8.078995 | 11,32110cg | 16 
45 | 8.6810433 | $+9954595 1.3189557 | 0.000500, |. 15 45 | 8.5815437 | 11.3184563 I; 
45 | 8.68355 54 | 9+9994235 1.3163345 | 0.0005055 | 14 45 2.5841719 11.3158281 | 14 
47 | 8.5852918 | 99994874 1.3137282 | 0.0005125 | 13 47 8.6867644 hls 6 13 
48 | 8.6288625 9.9994812 1.3111395 | 0-0005188 | 12 48 | 8.6853813 | +21061C79 | 12 
49 | 8.6914379 | 99994750 1.3-85621 | 0-0005250 | II 46 8.Bg15629, -_ 2080371 IT 
$0 | 885939980 9-2994588 1.306021g | 0.0-05312 | 10 $0. 8.69452$2 . 11.3c547c<8 | 10 
51 | 8.5955431 | 99994525 1.3034559 | 9-0-05375 | 9 51 2.5570805 | 1 11.3025194 | 9 
52 | 8.69907 24 | 99994562 1.2909266 | 0.9005438 | 8 52 | 8.6955172 | 11,3003828 | 8 
53 | 8.72015889 | 9.9994498 1.2984111 | 0.0:05502 | 7 $3 | £.7021390 | 11.2978610| 7 
54 | 8.5040899 | 9:<994435 1.2959101 | 00005555 | 6 54 | 8.7% 245455 | 11.2953535| 6 
55 ; 8.7065766 | $-£954370 1.25634234 | 0-cOc $530 5 gs | 847 071395 | 11,2928505 5 
= As Es vo a —|—| 
55 | $.959090450 | $.99943c6 1.290$510 0.000 5604 | 4 $55 | 2.7096185 | 11.2903815 | 4 
$7 | 8.7115075 | $49994241 I, 2834525 | 0-£025759 | 3 57 | 8.9120834 | 11.2879165| 3| 
53 | 8.713952 | 99994176 1.2?260480 | 0.0005824 | 2 52 | 8-7145345 I1l-2854655 | 2 
$9 | 8.716382c | $.9994110 1.283611 | 0.00058g0| 1 59 | 2.7165719 | 11.2830281 | 1 
60 1 8.7188g02 | $.95954044 1.2811998 | 0.0005550 | © 60 | 8.7193958 | 11.2806c42 } © 
| | | } Co. Arith. | Sign, {| | F-4 [ Tangent. | 
; — — — _ — GL__ 


2 Degrees $7. 


Degrees 3. 


: X Tangent. 
K] Sign. | Co. Arith, | | | | | 1 Babs”, | fe 
_ | ——— X A & A a o | 8.7193358 | 11.2825042 |, 65 
0 | 8.718802 949994044 | -o rk 9 yy yes | » ' 1 | 8. 7218563 | 11.2781937 69 
r | 87212040 | 9:5953978  tacorere | 2 | 8.7242035 | 112757555 | 5g 
LSE” OE io: lazmodres | © ' 3|8.7255879 | 11.2934123 | 55 
3 8.7259721 39993544 OWE phe "v7 55 : 4 8.72295$99 t.2710411 55 
| 4 | 8.72983355 | 9999377 ROTETOT | oY ys bh | & | 87313174 | 11.2535825 55 
5 | 8.7395382 | 5-9993703 1.25953113 | 0.0026202 | 55 69 "+ $4. 
> CON RAINS — | X 
& | mm : PET LPs | 6 | 8.7335531 | 11.255335g | $4 
| 6 | 8,7339272 | 5+9993549 Cabs whos 44 | 7 | 8.135956q | 1142540335 53 
7 | 8.7353535 | 919993577 GaN ne | 8 | 8.7383172 | 112615328 | 52 
SHAAIT be © | OSR perry 4 | 9 | 8.7406258 | 112593742 | g1 
9 | 8.7399591 | 549993433 phat, ata we-2d <0 10 | 8.7429222 | 11-257077$ | $0 
19 | 8,9422585 9:9993354 ns 7.7454 ] GI00097 [0 — Cnr | on Wn rmmmm_— ey 
a} m_——— 0092) > TR Prana FEY 11 | 8.7452057 11-2547533 | 40 | 
11 | 97445350 | 9*9993293 "_- ne he ACE 7 © 12 | 8.9474732 | 11-2525248 | 42 | 
12 | 8.7468c15 | 99993223 65358 #- a dl 4? | | 13 $.7497499 | 1.250229 | 47 
13 | 8$.7492553 Apt." 1 | 45a 0.5005913 45 | 14 | 8.7519992 | 11.2480103 | 5 
| 8.7512973 | 5* > En Sn ' 15 | 8.7542259 | 11.2457731 
F 8.7535278 | 9:99930 9 20742 TEIN DLL 8 |= —_ 
| — rn LED ig 15 | 8.7554531 | 11.243545g | 44 
16 | 847557459 95992938 - ry a wat erp 4 | 17 | 2.7585531 | 11.213319 | 43 
11 | 8.7379546 | 9:9992 "I CET p36 4 il be ; 18 | 8.7503719 | 11.2391281 | 42 
18 | 8.7601512 | 9+9992793 ptr 0.2007 280 41 19 | 8.7532647 | 11:3359353 | 41 
15 $.7523355 9-999272) 6 E 3. | A 7 2D) 8.7552455 11-2347535$ 40 
20 | 8.7545111 | $+9992546 1.2354%0g | 0.9907354 | 4 RY ES Fu 
| — " Rs q EN be: 25 5 | 21 8.769417; 11.2325325 39 
21 | 2.7555747 pon ts FRAN FI po ey e's 23 | 2 87695777 11.2304223 | 38 
22 | 8.7883275 | $*5 59245 - pi 3 007476 37 | 23 | 8.7717274 | 11.2282725 37 
23 | $.7709657 | $-5592424 a RE, fo: ot: 35 ; 24 þ8.7738655 | 11.2261335 | 36 
24 | 8.9731014 | 9:9793549 Ls vers: | oe ' 25 | 8.7759552 | 11.2240048 | 35 
25 | 8.9752225 | $+5992274 CRSQTI T4 | OY VT 7 35 | >} nmr Ne —_ 
on | —_ | TED pp cots | 25 |8.7781135 | 11.2218264 | 34 
26 | 8.777 3334 9-9992198 ao nt = 27 | 8.33c2218 | 11.2197782 33 
27 | 8.7794 349 Ft 44 _ 5 0.090995 32 28 | 8.7823199 | 11.2176801 32 
28 | Rap | _— pt nad po ape NY 5 29 | 8.78 44079 | 11.2155921 | 31 
8, O49 |; 9» > eos; Dro %, l ; I 
<4 2.182675 | G.9991892 1.2143247 | 0.9:08108 | 30 Roa ad TAOOANY 39 m 
— | Tg Wa PEE 31 | 8.7885544 | 11.2114455, 29 
21 | 8.7877359 | dot Fab +; <xPbe — x 32 | 8.7506130 | 11.2093870 | 28 
32 | 8.7897257 | hs oy 2] 27 pips wy 2341 —_ 33 | 27925520 | 11.2073380 | 29 
33 pr _ fo | xottang bg 2420 25 34 | 87547014 | 11.2952986 | 26 
| 8.7938 594 | 5: 5 <a fe GRE, 7927313 | 11.2032687 | 2 
3 8.79588 14 59991521 (IOHITES- | GOOOEIOY LEY 991209 dt oe hob Br 
yy ———— eo Faerie 3d 35 | 8.7937515 | 11.2012481 | 24 
< idegh 1s j Onbhrtey panes 3b foe 37 | 8.2007532 | 11.1992358 | 23 
37 | 8.7998574 | 664,98 "Pr IIEY 0.000898 | 22 33 | 8.8027553 | 11,1972347 | 22 
: res | enoeeda | 4phnIne, 0.00033 18 | 21 | 35 | 8.2947583 | r1.1952417 | 2z 
39 | $-5038704 | 1:97 1104 at EtE phage ns | 42 | 8.8057422 | 11.1932<73 | 25 
40 | 8.8058523 | 9:959 11-1 | 1.1541477 | %-0c03893 pt | wa LS =» 2k ah as 
Joy rmo_m moo 1 g p PF 76 41 |8.3507172 | 11,1012928 | 1 
41 | 8.8078 192 hd rs ca _ - = 8.38105334 111293156 8 
ed boa dh bt I bare] Pere 4| 17 43 |8.81254-7 | 11.1893593 | 19 
43 | 8.8117264 | ©-959085 arty Pres: | ' 44 |2.3145894 | 111954106 | 16 
44 8.8136556 | Mes 5.06 . a co &E 23309 15 | 45 | 8.2155294 11.13834705 | 15 
45 | 88155925 | 5-59595S | 11844015 | 255 8. b= ——_—— ISR 
Z haha rl en ” | ocoocoaga ts 45 | 8.818403 | 11.18:5352 | 14 
46 | 8.8175217 | $e9590 605 | 1,18247e2 gu 13 47 | 8-8203838 | 11.1795162 | 13 
47 | 8.8194353 | 995905 : | 200005037 | cocooges | 32 | 48 | 8.222298 | 11.1797016 | 12 
48 | 8.8213425 | 9555044 ; 1.19785575 0.0005543 | IN | 49 8.3242045| 11.1757954 | 11 
49 | 8.3232404 | 5:999-357 i 1,1757556 Cocogty 10 | $> | 8.98:51c25 11.1738574 | 10 
$0 | 8.8251295 | 95999273 EEE 08 ads i Fe = EY 
v9; Cove ee ne WL _ NPY ' 51 | 8:3275924 | 11.1722076 
gl 8.827011: | 0.5ggo188 | 1,1720728 | PO ; | 2.820894 54s : 
|52 | 8.223884 4 | 9e99SOIC3 } | 1.17111 55 hs 33 " $3 | £.9317478 | 11.1582522 | 7 
53 | 8.837455 | 9.959917 | | 11592505 | 29-5983 | 7 54 |8.9335134 | 111663355 | 6 
| > ©oReocal | : 0.0010069 54 33-134} 11.1603 
54 8.8326. 65 | Gel5 975 | I.1E73534 0.c0I0155 5 I 8.9354712 11.1645288 5 
5s | 8-8344557 | 9-9:85845 | | 1.155443 | ** LF | — 
Ss MY) Ga | _ —— — EIINESS — 25 
# «CO | S |?,*373211 | 11.1526-8 4 
5s | 8.835255 | 025589758 | 1.1537031 it KR, : | = 7432068 S869 2 
$7 | 8.838130 4 | e509 571 | 11618696 | >= 4 oD- | 53 | 8.240057 7 Hrlecco23 | 2 
53 | 8.83555" 1 | 9-55855%4 | | 1.160439 | © Pe ts Br 59 |8.2423245 | 11.1571755 | 1 
0487740 | SONS LE | 4-1a82259 [OOO IN ( 60 18.8446437 | 111553563 | 9 
6o } 8.84359 45 | 5.9525 40% | | 1.1564155 | 0-01-5592 CAS aooanaby 
| | | Cao. Arith. | Sign. ſ [ | Eels Tangent, | 


Degrees 36. 


g 2 


| Degrees 4+ 


% 


_—_— 


Degrees 58. 


D. | Sign. | Co.Arith, | | Tangent. | | 
o | 8.84358345 | 9.993 9408 1.15S4155 | 0-0010592 | 60 © | 8.8 445437 | 11.1553553 | 60 
1 | 8.8453874 | 9.9939 319 1.1545126 | 0-0010681 | 59 1 | 8.8464554 | 11-1535446 | 59 
2 8.84718 27 9.99892309 ,1 523173 0.0010770 | 58 F--- 8.8432597 I11.1517403 | 58 
3 | 8.3489707 | 9.9989141 1.1510293 | ooolo859 | 57 3 | £-8550566 | 11.1459434 | 57 
4 | 8.38507512 | 9.9939052 1.14592438 | 0.0010948 | 55 4 | 3-8512461 | 11.1481539 | $6 
5s | 8.8525245 | 9.9992952 1.1474755 | 0.c011033 | 55 5 8.2535283 | 11.1453717 55 

— —_—_—_ —_ — RT In gs _— ———— —_ 
6 | 8.8542905 | 9.5988371 I.1457095s | 0.COLIT29 | 54 6 | 8.8554034 | 11.1445566 | 54 
"7 8.8550493 9.9933980 I.1439507 | 00011220 | $3 7. 8.8 $71713 |! I1.1428287 53 
3 8.85781) 9.9583689 I.1421950 | GOOLTLL1T | $2 8 8.8589321 | 11.1419579g $2 
9 | 8.8525457 9.9988 558 I.1424543 | 0OOI14o2 | 5g 9 8.8605855 Ir.1393141 SL 

10 | $.8512833 | 9.9988526 1.13387167 | 0.00114594 | 50 to | ©£.3624327 | 111375673 | 50 

11 | 8.2630139 | 9.9988414 1.135861 | 0.0011585 | 49 11 | 8.2641725 | Ii.1358275 | 49 

12 | 8.8547376 | 9:9988321 F.1352524 | 00011679 | 48 12 | 8.855g055 | 11-1340945 | 48 

13 | 8.8564545 | 9-95988228 I.1335455 | 20011792 | 47 13 | 8-8575317 | 11.1323583 | 47 

14 | 8.36816546 | 9.9988135 1.1318354 | 00011865 | 46 14 | 838553514 | 11-1305489 | 46 

1s | 8.2698580 | 9.-9988041 1.131320 |0.c011959 | 45 is | 88710638 | 11.1289362 | 45 

16 | 8.8715545 | 9.9987947 t.1284354 | 02012053 | 44 15 | 88727699 | 11.1272301 | 44 

17 | 8.8732546 | 9.9987853 1.1257454 | 0.0012147 | 43 i9 | 2.8744594 | 11.1255306 | 43 

18 | 8.8749381 | 9.9937758 1.125061; | 0.0012242 | 42 18 | 88761623 | 11.1238377 | 42 

19 | 8.8756150 | $.9987563 1.1233850 | 00012337 | 41 19 | 8-3778437 | t1.1221513 | 41 

20 | 8.3782354 | 9.pg87557 1-1217146 | 0.0012433 | 42 20 | 8.8795286 | 11.12c4714 | 40 

27 | 8.8759493 | 99587471 1.1200507 | 00012529 | 39 21 | 8.8312022 | 11.1187978 | 39 

22 | 8.881605g | 9.9987375 1.1133931 | 0,c012625 | 38 22 | 8.83 28594 ! 111171306 | 38 

23 | 8.8832 581 | 9.9987278 1.1167415 | 0.0012722 | 37 23 | £-8845303 | 11.1154697 | 37 

24 | 8.3845031 | $-9987181 1.11509659 | 0.02128159 | 3s 24 | 8-5851850 | 11.1138150 | 36 

25 | 3.8365418 | 9-9987084 1.113458: | 0.0012916 | 35 25 | 8-3878334 | [11121665 | 35 

26 | 8.8881743 | 9.95985986 1-1118257 | 0.0013014 | 34 26 | 8-8894757 | 11-I105243 | 34 

27 | 8.8898007 | 9.9986888 1.1101993 | 0.0013112 | 33 27 | 8.8911119 | 11.1088881 | 33 

28 | 8.8514209 | 9.9985790 1.1085791 | 00013210 | 32 a8 | 8.8529420 | 11.1072580 | 32 

29 | 8.0930351 | 9.99866g1 1.1069549 | 0.0013309 | 31 29 | 88543560 | 11.1056340 | 31 

30 | 8.8945433 | 9-59865591 1.1053567 | 0.9013409 | 30 30 | 8.89593842 | 11-10gorg8 | 30 

31 | 8.®952455 | 9.9985492 1.1037545 | 9-9013598 | 25 31 | £.2975963 | 111024037 | 291 

32 | 8.8978418 | 9.9986992 1.1021582 | 0.0013608 | 28 32 | 8-3992026 | 11.1507974 | 28 

33 8.2994322 9.9986292 1.1005678 0.001 3708 27 33 8.9008030 t1.0991970 | 27 

34 | 8.9010168 | g.9g986191 1.0989832 | 00013809 | 26 34 | 8-90-23577 | 11.0976023 | 2 

35 | 8.9025955 | $.9586090 1.0974045 | 00013910 | 25 25 | 8-5039865 | 11.0950134 | 25 

35 | 8.90416585 | 9.9985988 r.0958315 | 0.0014912 | 24 36 | 8-9055597 | 11-0944393 | 24 

37 | 8.5057358 | 5-99858856 1.0942642 | 0.CoIqrnny | 23 37 | 8.9071472 | tl.cog28528 | 23 

38 | 8.9072975 | $.95985784 1.0927025 | 00014216 | 22 38 | 8.5087150 | 11.-8128to | 22 

39 | 8.g088535 | 9.9985682 1.0911465 | 0.0014318 | 21 39 | 8.5102853 | 11.0897147 | 21 

40 | 8.5104039 | 99985579 1.o8959g61 | 0.2014421 | 20 40 | 8.9118450 | t1.0881540 | 20 

41 | 8.9119478 | $-9985475 1.0880513 | 0.0014525 | 19 41 | ©.9134012 | 11.0865c88 | 19 

42 | 8.9134880 | 9-9985372 1.0865;115 | 0-0014628 | 18 42 | 8-9149509 | 11.c85cqg1 | 18 

43 | $.5150219 | 9-9985268 1.084978 1 | 0.0014732 | 17 43 | 8-5164952 | 11.083 5048 | 17 

44 | 3.9165504 | 9-9985163 | 1.0834496 | 00014837 | 16 44 | 8-9180340 | 11.0819660 16 

45 | 8.9180734 | $-9585058 1.0819266 | 0,0014942 | I5 45 | 8-919567s5 | 11.0804325 | 15 

45 | 8.9155511 | 9.9984953 1,c804089 | 0.0015047 | 14 465 | 8-9210957 | 11.078g043 | 14 

47 | 8.9211034 | $-9984848 1.0788966 | 0.0015152 | 13 47 | 8-9226126 | 11.0773814 | 13 

48 | 8.92261c5 | 99984742 1.c57389g | 00025258 | 12 48 | 8-9241393 | 11-0758637 | 12. 

49 | 8.9241123 | 9-9984535 1.0758899 | 00015364 | 11 49 | 8.9255487 | 11.0943513 | 11 

50 | 8.9256089 | 9.95984529 1.0743511 | 00015471 | IO 50 | 8.-9271560 | 11,0728449 | 10 
g1 | 8.9271003 | 9.998 4422 1.0728997 | ©.0015578 | 9 1 | 8-9386581 | 11.0713419 | 9 
$2 | 8.9285866 | 9.9984315 .0714134 | 00015685 | 8 $2 | 8.9301552 | 11,0698448 | 8 
53 | 8.9300678 | 9.y984207 1.0699322 | 00015993 | 7 53 | 8.9316471 | 11,0683529 | 7 
54 | 8.9315439 | $-9984099 1.0684561 | 0.001501 | 6 54 | 8.9331340 | 11,0558660 | 6 
ss | $.9330150 | 9.9983950 1,0665850 | 0.co16010 | 5 $5 | 8.5345160 | 11;c653840 | 5 
56 | 8-9344811 | g9.9583681 1.0655189 | voOt6ILg9 | 4 56 | 8.9359929 | 11,0635071 | 4 
$57 | 8.9359422 | 9.9983772 1,0540578 | 0.c016228 | 3 57 | 8.9375650 | 11.0524350 | 3 
58 | 8.9373983 | $-$983663 1.0626017 | 0.0016337 | 3 $3 | 8-9359321 | 11,0609679 | 2 
59 | 8.9388496 | 9-9983553 | 1.0611504 | 0.0016447 | I 59 | 8.5404944 | 11.959 5056 | Y 
60 | 8-98-2960 | $9.9983442 1.05$7040 | 00016558 | © 60 | 8.9419518 | 11,0580482 | © 

| | [ 7 Co.Arith. | Sign. | | = [ Tangere. | | 


OE I ed hes Dang 


Degrees 5; 


: x. Sign. | Co. Arith, | | Tatigenc, | | 
: o |8.9492960 | 9-9983442 1.0597040 | ©0,0016g53 | 60 o | 8.9419518 j 11.0580482 | 60 
* | x [89417376 | 9-9983331 1.0582524 | 0.0016668 | 55 1 | 8:9434044 | 11-0565955 | 59 
; 2 |8-9431743 | 9-9983220 1.9558257 | 0.0016780 | 58 2 | 8.94438523 | 11.9551477 | 58 
| ; $.9445053 | 9.9983 109 1.0553937 | 0.02168g1 | 57 3 | 8:-9452954 | 110537046 | 57 
4 8:9450335 | 9-9982397 1:253696; | 0.0019093 | 55 4 | 3-9477 338 | 11-0522692 | 56 | 
5 $.59474561 | 5.9982885 1.0525439 | 0.0017L15 | $5 5 | 89491576 l11.0508324 | $5 
4 | 8.9488739 | 9:-9982772 I.0511261 | 00217228 | 54 6 | 8.9525567 | 11-9494933 | 54 
q |8.9502871 | 9.9982560 t.0497129 | 0.0017340 | 53 | 8.9520211 | 11-0479789 | 53 
g |8.9516957 | 9-9982546 1.0483043 | 90017454 | 52 | 8 | 8-9534410 | H-0455590 | 52 
g |8.9535995 | 9+9982433 I.045g900g | 00017567 | SI g | 8.9548564 | 11-9451436 | 51 
10 | 8-9544991 | 9-998 2318 I-045 500g | 0.0017682 | 50 10 | 8.9552672 | 11-0437328 | 5O 
1 |8.9558940 | 99982204 1.0441060 | 00017795 | 49 11 | 8.9576735 | 149423565 | 49 
12 |8-9572843 | 9.998 208g 1.0427157 | 0.0017g11 | 48 12 | 8.9590754 | 11-2499246 | 48 
13 | 89586703 | $.5581974 10413297 | 0.0018026 | 47 13 | 89604728 | 110395272 | 47 
14 | 8 9600517 | 9.9981859 1.0399483 | 9-0918141 | 45 t4 | 8-5618659 | 11-0381341 | 46 
is |8.9614288 | 9.9981743 1.039%5712 | 00018257 | 45 15 | 89632545 | 11-0357455 | 45 
15 | 8.9628014 | 9.9981626 1.0371986 | C.o018374 | 44 165 | 8.9646388 | 110353612 | 44 
19 | 8.9641697 | 9.9g81510 1.0358303 | 00018490 | 43 17 | 8-956018g8 | 11-0339812 | 43 
18 | 8.9555337 | 9-9581393 1.0344563 0.0018607 | 42 18 | 89673944 I1.0326056 42 
19 | 8.5654934 | 9-9981275 1,0331066 | 0.ool8725 | 41 | 19 | 8-9587758 | $1-0312342 | 4t 
20 | 8.968 2487 | 9-9981158 1.0317513 | 0.0018842 | 40 20 | 8 9701330 | 11-0298670 | 4 | 
3 [| |8:9695999 | 9.9581040 1.0304001 | 0.0018960 | 35 21 | 9.971495 | 11-0285041 | 39 
3 |:2|8.9709468 |9.9920921 1.0290532 | ©-001907g | 38 22 | 8.9728547 | 11-0271453 | 38 
* |23 |8.9722895 | 9.9980802 1.029710; | C.OOLIgIG8 | 37 23 | 89742092 | 11-02579c8 | 37 
* |]uy |8.5136280 | 9.9980683 1.0263920 | 0-0019317 | 36 24 | 8-97$85597 | $1-2244403 136 | 
 ]15|8:5749524 | 9.9980563 1.0250396 | 0.0019437 | 35 25 | 8.9759060 | 11-0230940 | 35 
; |$ |8.9762926 | 9.9580443 1.0237074 | 9-0019557 | 34 26 | 8.9782483 | 11-0217517 | 34 
| | |8.9796188 | 9.9980323 1.0223812 | 0-0019677 | 33 | 27 | 8.9795865 | 11-0204135 | 33 
* 1:8|8.9789408 | 9.9980202 1.0210592 | ©-0019798 | 32 28 | 8.98c9206 | 11-01907g4 | 32 
* [|29|8.9302589 | 9.998008 1 1.019741 | GOOLg9T9 | 31 29 | 8.982250q | 110177493 | 31 
3 [30|8.9815729 | 9.9999960 1.0184271 | 90020040 | 30 zo | 8.983576g | H-0l64231 | 30 | 
: - © Es. PO rote LO PRES: con ly $-s 
' 31 | 8.928829 | 5,9979838 1.0191171 | 9-2020162z | 2g | 31 | 8:-9948991 | 11-015100g | 29 
3 [32|8.9841889 | 9.9999716 10158111 | $0020284 | 28 32 | 8.9962193 | 11-0137827 | 28 
3 |3z|$.9854910 | g.9979593 1.0145090 | ©-0020407 | 27 33 | 8-9975317 | 110124683 | 27 
44 | 8.9857891 | 9.9999470 1.013210g | 0-0020530 | 26 | 34 | 3-9988421 | 11-0111579 26 
35 | 8.9880834 | 9.9979347 1.0119166 | ©-2020653 | 25 35 | 8-9501487 | 11-00g8513 | 25 
3s $.5893737 9. $9 79223 1.0105263 | 0-0020779 | 24 | 36 8.9914514 11.008 5486 24 
; 13 |8.5905602 | 9.99990g9 1.0093398 | 0-0020g01 | 23 37 | 3-9927503 | 11-0072497 | 23 
' |3|8:5919429 | g.9978975 1.008-571 | 9-0021025 | 25 38 | 8.9940454 | 11-0059545 | 22 
i 39 $.3932217 9-9978850 1:c067783 0,.CO21TIGO | 21 39 8.9953367 | 11.0046636 21 
| |] |$8:9944968 | 5.9978725 0055032 | GDORTS7S 106 40 | 8.9566243 | 11-0933757 | 20 | 
; — } — — — — — — ——— as mart. e—-a—————_ by an 
| [41|8.9957681 | g.9978559 1.004231g | ©-00214o1 | 19 41 | 8.9975081 | 110020919 | 16 | 
; 4 | 8.9970356 9.9978473 1.0025644 | 2-0021529 | 18 42 | 8-9991883 11,0008117 | 18 
4 | 8.9982994 | 9.9978347 1.c017006 | 0.-c021653 | 17 43 | 9$-0004647 | 19-9995353 | 27 
4 | 8.9995595 | 9.9998220 1.00044c4 | 00021780 | 16 44 | 90017375 | 109982625 16 | 
45 | $-0co8160 | g.9978093 0.9991840 | 0©-CO31907 | Is 45 | $-0030066 | 109969934 | Is 
4 | 9.0020689 | 9,9997966 C,9575313 | 00022034 | 14 45 | 9-0042721 | 10:9957279 | 14 
197 9.003317 9 9.59197838 0.996682 1 ©0,0022162 I3 47 | $-0055340 10.9944060 I3 
48 | 9.0045534 | 9.95777 10 6 SRICI0G>þ SETAANIE YL BY 48 | 9-c063924 | 109932076 | 12 
49 | 9.coes3053 | 9.997758 2 0.9941947 | 9-0022418 | 11 49 | g.0080471 | I0-S9Ig529 | I 
10 | $:©072436 | 99977453 0.9929564 | £-2022547 | 10 50 | 9.009984 | 10.9907016 | 10 
51 | 9.0022784 9.9977323 0.9917216 0.c022677 9 $1 | 9.0105461 10.9894539 | 4 
52 | 9:-095050 | 9.9977194 ©.9g04904 | £-0022806 | 8 52 | 9.0117903 Beard id 
53 | $-0107374 | 9.9997064 c.g8592626 | 0.0022936 | 7 $3 | 9.0130310 | lo.g86g6go \ 7 
54 | $-0115616 | 9,9976533 0.988038, | 0-0023067 | 6 54 | $.0142582-| 109857318 | 5 
as 9-0131823 ($-9975803 o.g8681979 | O©-CO23ZI97 $ $$ | $.OIgSOL 109844579 s | 
$5 | 9.0143996 | 9.9596672 0.98 55004 | 00023328 | 4 - $65 | 9.0167325 | 1098326795 | 4 
20 | $-0156135 | 9.9976540 0.9843865 | £-0023460 | 3 57 | $-<1795$4 | 10.9820406 | 3 
50 | $.0168239 9.9976408 O,9831761 | 00023592 | 2 58 | g.0191831 10.9208 15g 2 | 
39 | $-218030g . $.9976276 0.98196g1 | 0-2023724 | 1 $9 | $:0204033 | 10.9795969 | 1 
50 \ $-0192346 | 9.9976143 0.9807654 | o-co23857 | © 60 | 9.0216202 | 10.9783798 | & 
| [ | | Co. Arith. {| Sign, | | E- | Tanger, | | 


© Degrees 84. 


Degrees 6. ; 
[ 


MM CUTIES 


«| Sign. ' oe arkdy 


| Tangenr. | H | 


SY 


— — — —— 


O | 9.0192345 | 99975143 0.92c7554 | 9-2923857 | 50 | $.0216202 1 10.97837538 } 60 
1 | 9-0204343 | 9.997511 2.3795552 | £-99235835 | 59 | | | 9.0228338 | 19.9771552 | 59 
2 |9.0215318 | 9-9975877 0.9733532 | 2-2924123 | 58 | 2 | 9.9240441 4 10:9759559 | 58 
3 $.0228254 | 9-997 5743 0.9771945 | £-29224257 | 57 | | 3 | 92252510 | 12:5747490 | 57 
4 | 92242157 | 9-597 5999 0.9759343 | 22924391 | 55 | 4 | 9-2254548 | 12-9735452 | 55 
5 | $-0252027 | 9:9975475 009747973 j 020024525 | 55 « } 5 | 9-2275552 | 15.5723448 F $9 
6 | 9.0263865 | 919575349 | | 09735135 | 224552 | 54 | 6 | 9.288524 | 19:9711476 | 54 
7 9.9275559 | 9:9975205g 0.972433Zi | 2-2224795 | 53 | 7 | 9$.2300454 | 1949559535 | 53 
g | 9.0287442 | 99975069 0.97I2558 | v-2024531T | 52 | 8 | $-0312373 | 19-5637027 | 52 
g | 9-0299132 | 9:9974933 0.979-8183 | 29025057 | 51 1 g | 90324249 | 109575751 | 51 
io | 90310890 | 949974797 0.9539110 | 9--225203 | FO | 10 | 9.933693 | 109553907 | 50 
11 | 9:0322567 | 9:9974652 049577433 | 2:2925340 | 49 | 11 | $-2347905 | 10-9552094 | 49 
12 | 90334212 | $:9974523 0.8555788 | $-2225477 | 48 | 12 | 9.935688 | 19-954C312 | 48 
13 | 99345825 | $499743%6 0.9554175 | $:0925514 | 47 13 | 90371435 | 159528551 | 47 
14 | 92357427 9.9974248 0.9542593 | 2-2025752 | 45 14 | 9.0383159 | 1049516241 | 46 
15 | 9 09368958 | $-9574110 2.5531942 | 2-9925899 | 45 Is | 90394848 | 19:9905152 | 45 | 
_ | ; _— — — — | ————_—_—_— | ————— | 
15 | 9-0380477 | 949973971 0.9519523 | £-9025029 | 44 15 | 90405505 | 199593494 | 44 
17 | 9-2391965 | 9-9973832 | 0.9508034 | £-2225167 | 43 17 | 90418134 19.9531366 | 43 
18 | 9+0493424 | 99573593 0.9595575 | 0-0025307 | 42 | 18 | 9.9429731 | 15:5570259 | 42 
19 | 99414852 | $.9973554 0.3585148 | 90025445 | 41 19 | 92441299 | 159559701 | 41 
20 | $-0426249 | 99973414 0.9573751 0.0025586 | 4) 20 | 90452335 | 195547154 . 
21 | $-©437917 | 9.9973273 0.9552333 | 0-9926727 | 39 | 21 | 9-0464343 | 10-553555?7 | 35 | 
22 | $-9445954 | 9.9973132 0.9551045 | 0.0025868 | 33 22 | 9.2475821 | 19:9524179 | 38 
23 $9.945226T | 9.997299 1 0.9539739 | 0.0027009 | 37 : 23 | 9.0437270 | 19-9512730 | 37 4 
24 | 9-9471538 | 9.9972850 0.9528452 | 00029150 | 35 | 24 | 9.2498589 | 1=-9521311 | 35 | 
25 | $-0482785 | 9.9972708 0.9517214 | 0.0027292 | 35 25 | $.2510078 | 19-9489922 | 35 ; 
25 | 9$-9454095 | 9.9572555 0.95095995 | 00027434 | 34 26 | 9.0521439 | 19-9478551 | 34 
27 | $.0505194 | 9.9972423 ©0.9494806 | 0-0027577 | 33 27 | 9.9532771 | 19-9457229 | 33 
28 | $-0516354 | 9.9972 280 0.9483545 | £-0027729 | 32 28 | 9.9544074 | 12:9455925 | 32 
29 | $-0527485 | 9.9972137 0-9472515 | 00027863 | 31 29] $.0555349 | 12:944465ST | 31 
32 | 9-0538588 | 9.9971993 0-9451412 | 00028007 | 30 | 30 | 9.0566595 | 10+9433405 | 30. 
131 | $-254965S1I |$.9971849  0.9450339 | 00028151 | 29 31 | 9.957781; | 10-9422187 | 29 
32 | 90550706 | 9.997 1904 0.9435254 | 0-0028256 | 28 32 | 9:059g002 | 10.94Icg98 | 28 
33 | $-0571723 | 9.9971559 0.9423277 | 00028441 | 27 33 | $.0500164 | 1C-9399835 | 27 
34 | 9$-0582711 |9.9971414 ©.9417289 | 0.0-28586 | 25 | 34 | $-0611297 | 199388703 | 25 
35 | $-2593572 | 9.9991268 0.5405328 | 02028732 | 25 35 | $-0622403 | 109377597 | 25 
35 | $.0604594 | 9.9971122 0.9395396 | 00028878 | 24 36 | 5.0533482 | 19-9356518 | 24 
37 | $-0615509 | 99970975 0.9334451 | 0.c029924 | ?3 | 37 | 9-0544533 | 1949355457 | 23 
33 | 50526385 | g9.5970825 0.5373514 | 00029171 | 22 38 | 9.0555555 | 199344444 | 2? 
39 } $-0637235 | 9.9979522 0.9352765 | 0.0029318 | 21 | 39 | $-0565553 | 19:9333447 | 21 
40 | 90648057 | $-9970535 | | 09351543 | £:0229465 | 20 | 40 | 9-<697 522 | 199322478 | CO 
41 | g.0658852 | 9.9970387 0.9341148 | c.o-29613 | 15 41 | g.0682455 | 19-5311535 | 19 
42 | 9.056g619 | 9.9970239 2.933038 1 | 0029751 | 18 42 | 9.<699381 | 10-932cS19 | 18 
43 | 9.0580360 | 9.9990059 0.93159540 | 0,0029510 | 17 43 | $:0710270 | 195225739 | 5 
44 | 9.0691074 | 9:9959941 0.9308926 | 0.0030055 | 19 44 | $-©721133 | 10.5273857 | | 
45 | $.0701761 | 9.9969792 0.9258239 | 00030208 | ts5 | 45 | 9-<73199S 10.5258031, A 
AY _ [  _ — POIs | 
46 | $.0912421 | 5.9569542 0.9287579 | 0.003038 | 14 | 49] 9-ET49779 | 109257205 | ” 
47 | 9.0723935 | 6.95969492 C9276945 | c.oczogo? | 13 | 47 | 90753553 | 10-5246437 | 2 
| 48 | 9.0933563 | 5.9565342 0.9265337 | 0.003068 | 12 | 4* | 9-<764321 | 10.9235679 | 41 | 
49 | 9-0744244 | 9.9955191 0.9255756 | 0.003080g | T1 | 45 | 9$-0775053 | 1049374997 |, 
50 | 0.0754799 | 9.9965040 0.9245201 | 0,0030560 | 10 | $2 | 9$-2785760 | 10.9214240 Ira 
— _ — | —_ Fora Ns She a mgR 
51 | $.0765323 | 9.9553238 0.5234671 | 0.0031112} 9 | | $1 | $.2756441 | 10-9223559 : 
52 | 90975832 | 9.9958735 0.9224168 | 00231264 | 8 | | '52 | g.c8©90g6 | 10,9 192904 
53 | 9.0785310 | 9.9962 584 0.52135Go | c.o031416 | 7 | | 53 | 9.c817726 | 10-9182274 G 
54 | $-0795762 | 9.9968 431 0.9203238 | 0,co31569 | SG | | 54 | 9.0828331 | 10-917156s 
55 | 9-0807189 | 99968278 0.912811 | o.c031922} 5} | $5 | $.< 838911 10.915108g 7 | 
55 | $.0817590 | 9.9968125 0.9122410 | o.cog1875 | 4 | | 55 | 9.0249466 | 1049150534 4 
57 | 9.0827965 | 9.095197 1 6172534 | cco32crg | 3 | | 57 | 5. 855996 | 10.914coc4 | 5 
58 | 9.0838317 |9.9567817 0.9161683 | 00032183 | 2 | | 59 | 5,0870501 | 10.9126495 4 
< g9.c848643 0.9957562 0.9151357 | 0-c032338 | pf | 59 | 9,<88: 921 10.9115019 I; 
60 | 0.0858945 |$.9951507 | | 9.9141055 | 00032493 | © | 62 1g.0291438 | 109108592 | © 
| LEES arab. Sign. 1 b-:*l i Tangent. | 


_— 


| — — 
—J 


| Degrees 84. 


4.0 ry 
WOES OT OI. "I A 


"Degrees 7: 


GY : R 


al Sign. Co. —_— | | | Tangenr | 
o | g.0853945 99957597 ©.9141055 | 0.9932493 | 60 | o| 9.0251438 | 10.9109552 | 60| 
i | 90869221 9.9967352 Ce9130779 | 0.0032643 | 59 1 | 9.090186g 199-9913r | $9 
, 9.0879473| 9-99571959 09120523 | 0,0032805 | 58 2 | 9.0912277 | I0.9087723 | 58 
: 9.0889799 | 9:9997 49 0.9110397 | 0,0032950 | 57 3 | $-2922659 | 10.9977340 | 57 
4 | 9:9899923 ; $.9955384 0.91009037 | 0.033115 | $5 4 | 92933929 | 19.5056g20 | 56 
; 5.99 10082 | $.9395727 Ge 3.83918 | 0.2033273 | 55 s | 9-2543355 | 19.5055645 | 55 
6 90920237 | 9.99555 70 0.9975753 } 0.033430 | 54 6 | 92953557 | 10.5046333 | 54 
a | $-2939367 99955412 0.9953533 | 0.0033588 | 53 7 | $-29539g5 | 10.9036045 | 53 
g 92949474 99966254 | | 0.9959525 ©0,.9033746 | 52 8 | 9-0994219 | 10.9025781 | 52 
g | $-2952555 | 9:9956096 0.9949444 | © 0933504 | SU 9 | 9-2984460 | 10.9015540 | 51 
10 9.09505I5 - 949955937 0.923932s | 0,99034053 | 50 10 | 9.0994678 | 10.9005322 | 50 
" 9.0970551 [®9.9955778 0.9925349 | 00034222 | 49 11 | 9-1004892 | 1o0.8995128 | 459 
12 | 9.- 930662 | 9-9955619 0.9019333 | 020343831 | 48 12 | 9.1015044 | 10.8984956 | 48 
13 | $0999551 | $+9955459 0.9009347 | £:0934541 | 47 13 | 91025192 | 10.8974808 | 471 
14 9.1900616 | 9.9955299 0.89;5334| 00034701 | 45 14 | 9:1035317 | 10.8964683 | 45 
5 9.1010558 | 9.5555138 o0.8939442 | 0.0034852 | 45 | I; | 911045420 | Io.8954580 | 45 
15 | 91920477 $9.9964c77 0.39979523 | 00035022 | 44 15] $-1055500 | I0.8944500 | 44 
17 | 91939373 | 9-9954816 0.395927 | 0,2235184 | 43 17 | 91255557 | 10.8934443 | 43 
1g | 91949246 | 9-95964655 0.8959754 | 0.0035345 | 42 13 | 9-10754g91 | 10.85924409 | 42 
19 | 91952090 929954493 0.3949504 | 0.0035507 | 41 Ig | $.1085604 | 10.8914396 | 4t 
20 | $-1959924 | $+9954339 0.8940075 | 0.00355790 | 42 20 | 9 1095594 10.2904405 | 40 
21 | 91969729 | 9.9564157 0.3330271 | 0.0235333 | 39 21 | 9.1105562 | 10.88594438 | 39 
22 | 51079512 | 9.9954004 0.8920488 | 0.0035995 | 38 22 | 9.111508 | 10.8884492 | 38 
23 9.1089272 | 9 9563841 0.8510723 | 0,0025159 | 37 23 | $.1125431 | 10.8874569 | 37 
24 | $-1099010 | 9.995 3677 0.8900g90 | 0.0036323 | 35 24 | 9-1135333 | 10.8864667 | 36 
2; 9.1103726 | 9.9953513 0.8891274 | 0.0035487 | 35 25 | $-1145213 | 108854787 | 35 
5 | $.1118420 | 9.9563348 0.888152o | 0.0036652 | 34 26 | 9.1155092 | 10.8844928 | 34 
27 | 9.1128092| 9.9:53183 0.8371508$ | 0.0036817 | 33 27 | 9.1164909 | 10.8835091 | 33 
23 | $-1137742| 9.9953018 0.8252252 | ©,0035932z | 32 28 | 9.1174724 | 10-88254276 | 32 
29 | $-1147370 | 9.9962852 0.88 52630 | 0,0037148 | 31 29 | 9.1124;18 | 10.8815482 | 3! 
(2p | 9-1155997 | 9:9962535 0.8843023 | 00037314 | 30 | 30 | 91194291 | I0.8805709 | 30 
31 | 9.1166562 | 9,9952519 0.8333438 | 0.0-37481 | 29 31 | 9.1204043 | 108795957 | 29 
32 9.1175125 | 9.9952352 0.8823875 | 0.0037648 | 28 32 | 9.1213773 | 10.8786227 28 
33 | 9.118556 7 | 9.9962185 0.3814332 | 00037815 | 27 33 | $-1223482 | 10.8976518 | 27 
34 | 9-119 5188 | 9,9952017 0.88043 12 | 0.037983 | 25 34 | 91233171 | 10.8965829| 26 
35 | $-1204688 | 9.9251849 0.8795312 | c-0038151 | 25 } 35 | 9-1242839 | 10.87957168 | 25 
36 | $-1214167 | $.9951681 0.8785833 | 0-2038319 | 24 36 | $.1252486 | 10.8747514 | 24 
37 | 91223624 | 9.9961512 0.8776376 | 0.0033488 | 23 37 | 9-1262112 | 10.89737888 | 23 
33 | $-1233 261 | 9.9951343 0.8766939 | 00038657 | 22 38 | $-1271718 | 10.8728282 | 22 
39 | $-1242417 | 9.9961177 o.8757523 | 0.0038826 | 21 39 | 9-1281303 | 10.8918597 | 21 
40 | 91251872 | $.9951c04 0.8748128 | 0,0038996 | 20 40 | 9.1290868 | 10.87509132 | 20 
41 | $-1251246 | 9,9950834 o0.8738754 | 0.0-:39165 | 15 41 | 9.1300413 | I0.8699 587 | 19 
42 | $:1270600 | 9,5950653 0.87254co | 00039337 | 18 42 | 9-13-9937 | 10.85gocs; | 18 
43 | 91279934 | 9.9060492 0.8720056 | 0,0039598 | 17 43 | 9-131c442 | 108680558 | 17 
44| $-1289247 | 9.9960321 0.8710753 | 0.0039579 | 1 44 | $-1328925 | 10.8671074 | 16 
45 | 91258539 | 0.0950149 0.890161 | 0.0039851 | I5 45 | $-1338391 | lo-8661609 | IS 
$6 | 91397812 | $,9359977 | c.$692188 | 0.0040023 | 14 45 | 9-1347835 | 10.8652165 | 14 
47 | 91317054 | g.5959%04 ©,3682935 | 0.0040196 | 13 47 | 9-13572@ | 10.8642740 | 13 
48 | $:1326297 | 9.9959531 0.8573703 | 0.9049359 | 12 43 | 9.13<6555 | r0.8633335 | 12 
49 | 9-1335509 | 9.9959458 0.8664401 | 00040542 | 11 49 |] $-1375051 | 10.8623949 | I 
j0| $.1344702 | 9.5959284 0.8555258 | 0,0040716 | 10 50 | $.1385417 | 108614583 ro 
Sl | $:1353875 , 99959111 0.3645125 | 00040389 ; 9 $1 | 9.1394754 | 10.8505236 | 9 
$2 | 9-1353028 | 9.99585335 0.963592 | c.0241054 | 8 $2 | 9.1404052 | 108595908 | 8 
$3 | 9-1372161 | 9.995395 1 0.8527839 } 00041239 | 7 $3 | 9-141340c | 108585600} 7 
54 | 91331275 | 9.9958535 o.8618725 | cooq4Igly4 | 6 54 | 9-1422685 | 10.8579311 | 5 
$5 91390370 | 9.9958411 0.850c630 | 0.0041589 | 5 | $5 | $.1431959 | 10.8568041 | $ 
ys Rs | Cn—_— _ _— w——_— ww 
56 9-1399446 | 9.9952235 o.8500555 | 00041755 | 4 $5 | $.1441210 | 108558790 | 4 
37 | 9-148 501 | 9.9958059 o.8591499 | c.co4Ig41 | 3 | 57 | 9.1450442 | 108545558 | 3 
5 | 9.1417537 | 9.9957882 0,35382453 | 00042118 | 2 58 | $.1459655 | 10.8540345 | 2 
59 | 9-l425555 | 9.955 7705 0.8573445 | 00042295 | 1 59 | 9-1458850 | 10.8531150 | x 
60\ $.1435553 | 9.9957528 08564447 | 0.0042472 } © 60 19.1498025 | 10.8531975| © 
| [ | 1 Co. Arids. {. Su + 77} Eg { Tangent. | | 
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Degrees 8. | 


Sign. Co. Arith, 


© | $41435553) 


$5 . 01767112 


\ 9-1444532; 
| 91455495 
$.1492435 
9.1471353 
C.143c252 
9.1485148 
9.I498015 
9.1 306864 
9.1515694 
91524507 
91533391 
91542076 
91550534 
9.1559574 
9.155326 


9.1 577030 
9.1585586 
$-I554354 
$.1603005 
$.1611539 


| 9-1713893 
, $-1730659 
| $.1735077 
- en — 


| $:1747439 


91780721 


' $-1 785001 
| 9.1797265 


$.1620254 
$.1628853 
$.1637434 
$. 1645998 
9.1554544 


$.1563074 
9.1671586 
9.168008 1 
$.1583559 
91699021 


CL ———— — 


9-1 705455 


$-1755784 
2-177 2425 


Dm 


9 18-5512 
9.1813744 
$.1821 950 
9.1830160 
$.1338344 
9.1845512 
9.1854565 
9.185280: 
9.1870923 
9.1879029 


9.1887120 


| $.1895195 


5 | 9el$03254 


| $-1$11399 


57 | 9.1919328 
58 | $.1927342 
$9 | gel 935341 


69 | 


$.1943324 


$-9957523 
9.9957359 
9-9957172 
9.5955993 
9.59955815 
$.9555633 
9:5956455 
9.9955276 
9.9956095 
9-995$915 
9-9955734 


is. 


9:9955552 
9-9955370 
9.9955188 
9.9955005g 
9:93 54822 


9.9954539 
9-9954455 
9:9954271 
$.9955087 
9.99 53902 
$:9953717 
99953531 
9:9953345 
9-9953159 
9-995 2972 


9.9552785 
9.9952597 
9.9952409 
9.99 $2221 
9-9952033 


$.9951844 
9-9951654 
9.99514654 
9.9951274 
9.9551084 
$-9950893 
92950702 
9-5950510 
9-9950318 
G+9950126 


—— 


$+9549933 


9.9949740 
$:95495465 
949949352 
99949158 


99649554 
9.2584875g 
$29943573 
99943377 
0.6948121 


9-9547985 
9.9947788 
9.9947591 
9.9947393 
9.9547195 


9.9946997 
$.5946798 
9-9945599 
9.9945399 
9.9945 199 


0,8528642 


O0.3510852 
0.85519835 
0:8.193135 
0.8434305 
03475453 
0.84565g9 
Co3457924 
0,3449155 
0.3 442425 
9.38431704 
0.3 4230co 
0.3414314 
0.845545 
0.535695 
0.8383361 


0.8354002 
0.8345455 
0.8335925 
0.8328414 
0.8319919 
O.8311441 
0-8302579 


o.8294535 


0-8210999 
0.8202735 
08194488 
CB186256 
0.8178040 
08159840 
Co3161655 
0.8153488 
08145335 
0.8137198 
0.8 129077 
c.3120G971 
c.8$112880 
o0.8104805 
0.8095746 
o.8c82701 
0.8080672 
Co8072658 
| ©,8064559 


C,8056676 


03519738 


0.02425 50 
0,00423 28 
0.9 243907 
0,5043185 


0.0043724 


0.004390 5 
o 004408 5 


0,9244255 
0,09044448 
0,2044530 
0,0044812 
00044995 
0,0045178 
©,004535S1 
0.2245545 


OO — 


00045283 


7 | 0004546) 


0,00465 55 
0.0046841 
0,0047 028 
0.09047215 
00047403 
00047591 
00047779 
0,0047967 
0.0048155 
0,0048346 
0.0048 535 
0.0048725 
0cog8915 
0-29049T 07 
0.00492 98 
0.00454 90 
0.0045632 
0.0049874 
0,0050057 
©,0050260 
C, 050454 
0,0050648 
0.0050342 
0.0051036 
COOgI 231 
0.0051427 
C.OO5I623 
©cogl819 


0.CO52015 
C0052212 
0,0052409 
CeCO52607 
0.cO052805g 


Cs 


O,CC $3003 
CCC $3202 
0.0C534cl 
O,CO5SZSCI 


©.co53861 


| 


| Co. Arith. 


| Sign. 


0.9043365 | 


' 
CC ——_— 


0.0243544 | 


0.0045729 | 
0.00450g8 | 


— 


— 


my _ RO OE EE" p_ 
vain comwmeniaeauecs 


'V) 
© 


5 upwe [ueauae | 


Tangent, 


—_ 2 — — — —— 


9.147325 | 


9.14? 7132 
9.1495321 
g9.I 505441 
SeI5I4543 
9.-1523527 
9.1 532692 
9.1541739 
N1550769 
9.1559780 
9.1552773 


9-1577748 


$.15357095 


9.159545 
9.16 "4553 
91613373 
9.16233%1 
9+ 1531231 
9-164©083 
$9.1543;19 
91657737 


9,.1656538 
$el97 5322 
9.1684-89 
9-I692339 
91701572 
9.171c289 
9.1718989 
$.1727672 
9.1735338 
91744988 
9.1753622 
9.1752239 
$.1770840 
9.1779425 
9.1787993 
$.1795546 
9.180508 2 
9.121362 
9.1822107 
91830595 
9.1839c62 
91847525 
9.1855966 
$.1864392 
9.187282 
9.1881156 
9.108957 5 
9.1897939 
$.1$05287 
$.1914621 


| 9.1922c39 


9.1531241 
GeIl935529 
9.1547802 
g.lg55059 


$.155 4452 
©,1972530 
$.1980743 
$.1988941 
9.1997125 


19,8521995 
10.8512818 


19.8457308 
10.8453251 
10.8449231 
109,.9440229 
10.8431227 
erm ocmeuice 
10.8422252 
I10.8413294 | 
10.84043 54 | 

| 


l0.593954,1 
10.8335 527 
10.837753g 
10.336875g 
10.2 359917 
Io.8351081 
10.2342253 
10,.8333462 
10.8324573 
l0.8315911 
10,8307151 
10, 3258128 


37 
39 
35 
lo.8285711 34 
10.8281011 | 33 
10.8272328 | 32 
10,8253652 | g1 
lo.8255012 | 30 
10.8245378 | 29 
10.8237761 | 28 
10,8229160 | 27 
10.8220575 | 25 
10:8212007 | 25 
10.8203454 | 24 
10,8154918 | 23 
10.8185398 | 22 
108177354 | 21 
10.8169405 | 20 
9, at) Roma 
10.815c932 | 19 
10.8152475 | 18 
10.8144934 | 17 
lo.8135608 | 16 
10-81291g8 | Is 
I4 

13 

I2 

IH 

10 


— 


10.81138804 
I0.8110425 
to0.8102061 
10.8093713 
10.8085379 
1c,9077061 
10.2 68759 
10,8c60471 
10.S052198 
10,9043941 


10.8035558 
10.8c27470 
10319557 
10.8011c59 
10.8:02875 


© - 0 WW þ | «a ewes 


| 
eee et ene, 


| Tangent. 


—_  —— ——— 


— 


| Degrees $1. 


OI, I TIS Ot OT; 


NIE og 


ES er nnd ot 
— ————— 


Degrees 9. 


Degrees 80. 
h 


+ S——_— Ps a—g—__ 
2h Sign. Co. won | | | l | "III jo | | 
0 |.6.1943324 | 99949135 0.30555 75 | 0,0253901 ; © | $-I1997125 | << ngoth ; < 
| 1] 9.195123 | 9-9945999 8248707 | c.oo54001 * 57 | 1| 9-2995294 | 19.7994795 | 55 
2 | 9.193924? | 9:33457 38 03540753 | ©2954272 i 59 | 2 | $.2513449 | 10.7585551 | 53 
3 | 9-1957185 | 9-9945597 | | 9-3532514 | 00254403 | 57 | | 3| 9.2-21583 | 10.7572412 | 57 
4 | g.1975119 | $-3545358 0.802485 | 0,2954604 j $5 | | 4 | 92025714 | 197579225 | 5) 
5 | 5.1983919 | $+9345154 Ge3015331 | 9.205499 | TY EY 9.2537325 | 1-47502175 ”w= 
0 | 9.1992913 | 9+2944992 020-5037 | 0.9255008 | 54 | 6 | 9-2545522 ! 12:7954978 | 5g 
1 | 9.1958753 | $:59447379 9.801207 | 0.00g5210 | 53 | 7 | 92 54004] 10.7:45952 } 53 
3 9.2005553 VS 445987 2879-3342 e2Cg5413 | &2 8 | 3-2<02072 | 10.7937529 | 52 
9 | 9.221450 ' 9+9944333 7985451 DOgg007 | $1 o | 9.2070125 | 19.7325374] 51 
19 | 9.2022345 | 93944180 27977255. | Qg© 256829 FD f to | 9.-20783155 | 127521835 | 50 
11 | 92032157 | 9:9343375 0e7559333 | OcogSo2yg | 45 11 | 92076191 | 10:7913809 | 49 
12] 9.2037574 | $-9943771 27502025 | 2,2355229 | 45 2 | $-22c42<3 ' IC 79905797 48 
13 | 942245756 . $69343555 0.79 54234 | Vt 055434 | 47 13 | 9-21-2200 | 1-73. 13-0 | 47 
14 | 92953545 | 9:5543351 0.7940455 | £:92535434 | 45 14 | $-2110124 | 10.798g316 | 45 
Is | 9.209139 | $+5G343155 297933231 | £.0255844 | 45 ts | $:2119153 | 10.7831847 | 45 
al | —— _—— — | —— — — | — a 
15 | 9.2059059 | $4954295: Agipg C,0257059 | 44 15 | 9.212910g | 0.73738%g1 | 44 
I | 9.297675 | 9:99 42743 07523295 | 0.0957227 | 43 [7 | 92134051 | 17855949 | 43 
18 | 9.2084516 | 9:-9942537 7 > as ©,0C57493 2 | 18 | 921419 10.7258020 | 42 
Ig | $.2052224 | $+944233) 079907779 | 00557570 | g1 Ic | 9.21435g4 10.7850105 ' 4f 
20 | 9.225917 | $+9942122 0.7 9090083 | 0.005724783 | 4» z0 | 9 :157755 | 19-7842205 |; 40 
21 | 9.2107567 | 6.641314 0.78592403 | 0.2 52085 | 35 21 | $.2165583 12,7834317 | - 
22 | g.2115253 | 9-9341725 0.73 4737 | 0.0952294 | 35 22 | $.2173555 | 19-7826444 | 38 
23 | 9.2122G14 | $ 9941458 0.737755 | coog85 2 | 37 23 | $.2181417 10.9818563 | 37 
24 | 0.2130552 | 9994228; 0.7259448 | c.o0.58711 | 35 24 | 52185254 | 15.7810735 | 36 
25 | 9.2133175 | $+9941073 C.7851824 | 0.0058921 | 35 25 | 9$.21c7099 | 107802903 | 35 
6 | 5$,2145737 | 9.9; 40370 0.7854213 | 0059130 | 34 25 | 9.2204917 | 107795083 | 34 
27 9.215332%4 G$+93409559 0.7845515 009)5SGY4!1 33 27 9.2212724 10.7787276 33 
$ | 9.2152g57 | 9.95949449 0.7339033 | C.2055g551 | 32 | 28 | 9.2220518 | 1097779482 | 32 
| 9.2163535 | 9.954028 0.9331454 | 00059742 | 31 2G | 9.2228298 | 10.77717< JI 
93 | 942176092 | 9495409927 0.782398 | ©.0059573 | 30 30 | 9.223506 | 19-7753935 | 3o 
31 | 6.2183535 | $.9539315 0.7315355 | 0.0cSoI8g | 25 31 | $.-2243810 | 1c-7756181 | 25 
2|9.2191154 | 9-95 39503 0.7808835 | 0.0260397 | 28 32 | 9.225155x | 10.7748439 | 28 
33 | 9.2153580 | 9.553391 0.7801320 | c0.025050g | 27 33 | $.2259289 | 19.7740711 | 27 
34 | 9.226182 | $.9935178 +7793318 | 0.0c50822 | 25 34] $-22570cg pI _ 25 
35 | $.2213571 | $.9933565 C.7725329 | c.2061035 | 25 35 | $.2274726 | 10-7725294 | 25 
as 1 m——— Ts __ BE, 7 A ph. 
3 | 6.2221147 | $:9539712 0.7770853 0.2c61248 | 2 36 | $.228235g | 10.77 17605 | 24 
37 | $.2228509 | 9.5933 538 7 eee fp 0.C051452 | 23 37 | $-2250071 | 10077-9529 | 23 
3s 602235059 | 9-9538324 0.77 3541 CCOE 10795 | 22 33 | 9.229773; | 1047702255 | 22 
59 | $-2243405 | 9:5935103 C.7759525 | 0.006 12g F 21 35 | 92305385 | 1007694514 | 21 
P | 9.225918 | 5-9937354 7745c82 | c.0052105 | 20 40 | 92313024 | 107525376 | 20 
fl] 9.2258328 | $.9937579 0.7741572 | 0,0052321 | 15 41 | 9.232-550 | 1047679350 | 19 
| 9.2255725 | $.3937453 «7734275 | ©.0062537 | 18 42 | 9.2328252 | 10.7671738 | 18 
43 9 2273110 9.937 247 7726850 an BOCE1 I7 3 ] 5. 2335953 10.7964137 7 
4| 5.2280481 | $.5937030 «7715519 | 0.0052570 | 16 44 | £02343451 | 1047555549 | 16 
45 | $.2287833 | $6.5939813 07712161] ©: coSgady Is 45 | 9.2351-25 | 10-7548974 | 15 
| -> Cy age a on a ROAR 
G | 9.2295185 | 5.5935599 7704315 | 0.0063404 | 14 45 | 9.2358589 |. 10.7541411 | 14 
1 | $.2302518 | 5.3935378 Ce7297492 | C.c053522 | 13 47 | 9.235613g | 1047633861 | 13 
48 9.23098 38 | C.G5935150 0, 7690192 | 0.co63340 | 12 4? | $.2373678 | 10.7526322 | 12 
49 | g.2317145 | $.9935942 0.75382855 | co064058 | 11 43 | $.2331203 10.75187S7 | 11 
10 | $.2324440 | $.3935723 0.7575560 | 00064277 | Io | 50 | 9.2388717 | 10.7511233 an 
$1] 0.233172 | 9.935504 0.7558278 | c.0-64459 | 9| 51 | 9.2355213 | 10.75-3782| 9 
52 9.2333 992 | 9. cg35285 0.9561CC8 | 0,c0647T5 8 52 | 9.240378 | 10.7599 292 2 
33 | 9.2345249 | 9.9985 65 653751 | c.o00645935 | 7 [| 52 | 9.2.;riies | 10.758c815 | 7 
M4 | 9.23534 94 | 9.993494 c.7549509 | Cocodg159 6 | 54 | 9-2413650 | 10.7521350| 6 
35 | 9. 2350725 | 949934524 .7535274 | 0.065375 | 5 55 | $.2426103 | 1097573897 | 5g 
— i — —— —_—_ —_— —_ _— — 
i 9.2367945 | 9:59344-3 0.7632054 | CeC65597 | 4 55 | 942423543 | 10.7665457 | 4 
57 9.2375153 | $-9934181 7624847 | c.oc65819 3 57 | $.2440972 | 10.755gc28 3 
3 | $.2382349 | $.9933959 C,7619651 0.0065 41 2 332 | £.2449380 | 10.7551911 | 2 
59 | 9-2389532 | $+5933737 0.761cq 8 | o.<c65253 | 1 59 | 42455704 | 10.754420S | 1 
60 | C.23 957502 '5.9933815 .35c32c8 | o.coE6485 | © 50 19.2453138 | 10.7539812 | v5 
ena: cn — 
1 | | Co, Arith. 5 Sign, {| | | Tangent, | | 


Fr 


— — 


55 


56 
57 
58 
59 


wx ÞÞ 3 þh3 wv (C) 


| 


| 


[ 
L'9 
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3 
54 | 


| 


E: 


Degrees 10. 


| Co. ary 


| Sign, 

$423953 2 | 5:9933515 
| 92493 25 l | 9.993322 

9.2411097 } 9-5933053 
' 9. 2412141 | 9.9932245 
9.2425254 | 95932521 

$+2432374 | 9+9932399 
3-2435472 | 9:9932171 
9.2445558 | 9:9931945 
9.2453632 | $:953172 
9.24505gs | 949931454 
9.2457745 | 9:95 31255 
9-24747%4 | 99931041 


G.2491811 
g9.2488827 
9.249583- 
9.25062822 


—— 


9.2509803 
$e25195772 
$+2523729 
$.253-675 
9.25375-9 


$+2444532 
$-2551444 
9.2558 344 
G.2565233 
9.2572110 


$.2578977 
9.2585832 
9-2592576 
$-2599505 
9-2606330 


9.2513141 
9-2619541 
9.26257 29 
9-2633597 
9.2649274 


$.2647030 
$.2653775 
9-2650503 
9-2667232 
9-2673945 


$.2680647 
9.2587338 
9.2594©19 
9.2700689 
$+27<7348 
92713597 
0e2720635 
9.2727 263 
9.2733880 
9.2749487 


9.274783 
9-2753663 
9.2760245 
9.2765811 


| 9+2773365 


moet Dn. ot. 


| $-2779911 


9.27e6445 
$.27529 70 
9-2795484 | 


9-9930C14 
$+29305%7 


942930131 


C©.992G9902 
9.5929573 
9-952-444 
$.95929214 
0.g9 28-84 


G-9923753 
9.9928522 
6g 9928291 
9:3928059 
9.9927827 


9.9927595 
9-9927362 
9.9927 I29 
9:9920895 
9495926661 


9.9925427 
09925192 
99925557 
9.9925722 
9.952 5485 


9.9925250 
9.992gO013 
9-9924776 
9-99245 39 
$- 9924301 


9.992463 
$+459233 24 
6.5923585 
$.59233465 
9.992316 


G.9922865 
9.9922625 
C9922385 
9.9922144 
9.99 21502 


9.55621550 
9.G921418 
$6.5$21175 
0.992032 
| 9:99 22685 
| — 
| 95920445 
| 9-9$ 20201 
99919956 
CQgoI- 701 
|$-9g19456 


14 


9:99 30359 


— 


— 


0.7503298 | 0,9:5543s5 ; 
0.7595139 | 0.0045708 
Ce7538993 | 0,0055932 * 
0.753185 | 0,0:67155 ' 
047574739 | 0.90$7379 
0.7567525 | 0,00575904q ! 
0.7552523 | 0.0:7829 | 
C.7553442 | 0.c068954 
0.7549358 | 0,005828- | 
0.7539305 | 00063506 ! 
07532254 | 0,59958732 
0.7525216 | 00059959 , 
07518189 | 0.9:55186 |; 
07511173 | 0.00594 13 
0.7504170 | C026g<4 1 
9.7497172 | 0.059859 
0.7490157 | £,00700983 
0.749 32283 a: 327 
0.747527 70555 
07495325 0270786 
0.749231 0.0071016 
0.7455468 | 00-71247- 
0.7448555 | 00071478 
0.7441656 | £,0071729 
0.7434797 | 0-090 7Ig941 
C7427890 | 02.0072173 
0.7421023 | 9-9072405 
07414168 | 0-0072538 
0.7407324 | 0-0072871 
07400491 | $0073I05 
0.739357 | 9-9073339 
0.7 385859 | 0-0073573 
0.7380059 | 0.073808 
0.7373271 | 00074043 
0.7356493 | 00074278 
0.7359726 | $-0074514 
0.7352970 | 00074750 
C,73465225 | 0-0074987 
0.7339491 | $-0075224 
07332768 | 0.007549 I 
0.7325055 | 0.007 5099 
0.7319353 | 00075937 
0.7312562 | 00076176 
049305581 O,LC9O415 
0,7299311 0,00755 54 
0.9252652 | 0-5096894 
0.728603 | 0.0277134 
Ce7279355 | 90077374 
0.7272737 | 0-c0779015 
0.7 256120 | 00077956 
0.7259513 | £-0078098 
0.7252917 | 0.0078340 
0.7246331 | &+C078582 
C.7235755 | £.0078825 
c.7233189 | 0007568 
0.7225534 | 0 079311 
"#22089 | O,CC79555 
C.7213555 | <+0-79799 
©.7207030 | 90-0070. 44 
0.72<0515 | 0COJORES 
09154012 | ©0070 554 
| Co. Arith. | Sign. 


et en ne ns 
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<> — ——— 
ee eos 
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_ 
pI = G oO 0. A 


— ww wy 
\N of \4S- 


aww {| 
Uo =J3 


_y 
oO 


> 
(®] 


to ow ho w H | 
4. hd = | 


Tangenr. 


9.2453188 
9+.2472599 
2477939 
2435297 
©4249:543 
9. 2439378 


\& v5 
®. . 


9.250730I 
9.2514512 
9.2521912 


© 


9-2594285 
9.250146 1 
9 2508525 
9.2515779 
Ge26229421 
0. 2530053 
$.2537173 
$.2544283 

9.2552382 
a 58470 
$.25565547 
9.2572513 
9. 2579569 
9.2585714 
9.2593749 
9.270077 2 
9.2707785 
9-2714788 


$6.2721780 
9.2728762 
9-2735733 
9.27425 54 
92749544 


9.2759534 
92753514 
9.277434 
$e2777353 
9.2784212 


9.2761131 
9.27 $8c0g 
9.2804878 
G.2811736 
9. 2818535 


9.2825423 
9.2832251 
9.2835-7- 
9.2845878 


0.2873014 
G.2873773 
| 9.2885523 


4 G©,2865245 


—  —_— 


—— © te 


10,7522J01 |. 


10.7514723 
12.7507357 
I,7590022 
I 7492555 
127485358 
10.74780338 


[1 


, 


, 10.74©3523 


' 19.02 


———O— —— 


OO — SC Io ——  — 
Lo 


9.2859456 | 


—_—_ 


452 57} 


= E 7445003 | 


10,7384221 
I0. 7377-79 
10.7 365947 
10.7362827 
1007355707 


19.7348618 
19.7341530 
12.7334453 
10.7327387 
10.732033l 


0 OO ID 


10.7313286 
4 7309251 
07299238 
a 92214 
10.7285212 


10.7278220 
10,7271238 
10.7254267 
10.7257306 

© 725 356 
10.7243416 
Io 7235485 
10.7225 $56 
1049222557 


10.7215758 | 


- I ————— | 


10.7208859g 
10,7 :01991 
10.7195122 
10.71822+*4 
10.9I181415 
1C,7174577 
107197749 
104190530 
10.7154122 
10.7147 323 
107140534 
107135755 
10,7125585 
10.7129227 
107113477 


- < — 


! 


> — — ——— —— 


| 


19,7535312 , 
10,752,431 | 


— ——— — Fs 


_—_—_— 
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| Degrees 79. 
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Degrees 11. 


ELL "T7. . h uy 2 
; | Sign. | Co. Arith, | | | | | | EM Tangent. | | | 
OUR OE An My OY IOTes _ — | — ts {wn 
F 0! g. 2855988 | 9.9919455 2.7194012 | 0.2290534 | 60 | o | $-2886523 10,7113477 | 60 
{ 1 | 9.2312.433 | 9:9919227 0.7137517 | 0.0989780 | 59 | | 1 | 9-2393253 | 10.7105737 | 59 
219 2818357 | 9: 956138974 0.7131033 0031026 | 58 2 | 92859993 | 19.7 100007 | 58 
; | 9.2325 441 4 2918727 0.7174559 | 00081273 | 57 | 3 | 9: 2995713 | 10.7093287 | 57 
4 | 9.2331905 | G.591347%9 0,7158295 | 0.0031520 55 | 4 | $-2513424 | 19. 7086575 | 56] 
$| c.2338359 .9518233 07151541 | 00081967 55 s | 9-2920125 | 10.7079874 | $5 
; 6 0.28 14803 9 9917985 097155197 | 0.082014 m 6 | 9.2925817 10.7073183 $4 | 
I | 7 [92251237 | 59907737 0.7143753 | 0.0032253 | 5Z| 7 | 92933599 | 10-7065 500 | 53 
8 | 9.2857561 | 9 g917439 nag 142339 OooJ 2501 2 | 8 | 9-2940172 - 10.7059828 | 52 
s |5 3.28947275 | 9-3917249 t35924 | 00082760 | gl | g | 9-254583s 10,7053164 | $s1 
| 0 | 9.2870480 , 9 2315991 0-712 9529 | 9.093390 55 10 | 9-295348g | 129,7-45511 | $0 
1| 9.28763 75 | 9 09915741 0.7123125 | ©.09083259 | 48 | 11 | 9-296©134 19.7035866 | 49 
[12 9.283326) | 0.99195.452 0.7115749 | 02083508 | 43 12 | 9.2965769 | 10,7033231 | 48 
13 | 9 2382635 | 9+ 916241 0.7110354 | 0.0033753 | 47 | 13 | 9-2573395S 10.7026605 | 47 
, | @ 2735021 | 9:9315 92 0.713595 | 2.084010 | 45 14 | 92980012 10,7019989 | 4s 
15 | 92992357 | 9-9915739 2.7057643 | 90034261 | 45 | 1s | 92985518 | 10.7013382 | 45 
g |1s 9.2928704 | 992154388 | 07094295 £,9224512 | 44 15 | 9-2593215 | 10.7006784 | 44 
 [!7| 9.2915049 | 9.9915235 2.734550 0,008 4754 43 17 | 92999304 | 19.7000196 | 43 
k | 9.2921357 9.9914984 Ce7078533 0,003g016 | 42 13 | 93006383 10.6993617 | 42 
ls | 5.292768 | G.9914731 0.7272315 00085259 41 I9 ] $-30I12954 10.5987045 41 
s >| 9.2933993 | 6.9914478 0.755529 | 0.0035522 | 42 20 | 9 3015514 | 10.6980486 | 40 
4 ' ab ET iy ns 42h Pn  RAT— IO «247 ogg Sore 
: 2 | £.2949291 | | 9.9914225 | 0.795970g | 0-09285775 | 39 21 | $.3025066 | 10.6973934 | 39 
| [23] 5.25 15520 | | 9.9913971 | 7053422 | 0.008602g | 38 22 | 9.393250g | 10.6967391 | 38 
| [33 |6-2952559 m—_— 0.7047141 | £.0086283 | 37 23 | $.3939143 | 10.6960857 | 37 
[24 | $2955 129 99913452 0.704087 | 00: 86533 | 35 2 943245557 1c.6954333 | 39 
[25 | 9-295 5399 | 9:99 13207 0.734510 | 0.0285793 | 35 25 | 9.3952 183 | 10.5947817 | 35 
bs 1:8 uf | —_ —_ — rb} —_ 
| 125] c,2970541 | | 9.9912952 0.7023359 00087048 | 34 25 | 9.3058589 | 10.5941311 | 34 
: 27 | 0.50479 | 0,7 c 
3 9.2977283 | 9.951255 ,7022117 | 0-0087304 | 33 27 | 9.3055189 | 19.6934813 | 33 
: # | 9.2994115 , $.9912440 0.7015284 | £+2097560 | 32 28 | 9.3071675 | 19.5928425 | 32 
1 []9.259233 > | 9. 99 12124 0.7009651 | 00087816 | 31 | 29 | 9-3078155 10.6921845 | 31 
| 9: ade | 9-9g11627 0.7023447 | ©.0088073 | 30 30 | 9.3984525 | 10-6915374 | 39 
| zi | 6.20029 58 py 2311670 | 0:5997242 0.292988330 | 29 31 | 9.3051088 | 1c-5go8912 | 29 
32| 9g3:08953 | 9-g99HL412 | 0.6991047 | 9:9 83528 | 28 32 | $.3997541 | 105502459 | 28 
33 | g.3015140 C,COlLLg4 065984269 0.288846 | 27. 33 | $-3103985 1.689S0L1g | 27 
: $| g.3021317 | 9510895 0o5978633 o.cvo3grcg | 25 34 | 9.311421 | 10.5889479 25 
; 515 .3027485 9.9G10637 Ce2972515 <039363 25 | .35 9.3115348 | 10.6883152 25 
k 35 | 6.3-33544 | 5-3910378 | | 0.5955355 | 0--C85922 | 24 36 | $.3123255 | 10.53767354 | 24 
3 [3] $.3039794 | 9..G10119 | | 0.5g50295 | 0.c03g881 | 23 37 | $-3129575 | 19.5870325 | 23 
: 3b | $3045-34 | 93509359 | © 4;54055 | 0.c0g2141 | 22 33 | 9.3135076 | 10.6863924 | 22 
| |#| 53052265 | $9.59 9592 | | ©5947934 | 0.0050402 | 21 39 | 9-3142468 | 10.5857532 | 21 
| "4 33053185 | 6-9929338 0.5341S11 Bi 290652 | 20 | 49 | 93143851 | 11084} 20 
3 fl | 5.205433 | ©.0909077 oO 5:35697 | 0,0090923 I9 41 | 9.3155226 10.63 44774 | I9 
R| 5.327:407 | Se-go3I 15 .£525593 | ©-00g1135 | 18 42 | 93151592 10.58 384-8 | 18 
| 9.4275593 , 02563 0.632347 | 0.091447 | 17 43 | 9:3167950 10.5832050 | 19 
44 9.303 2500 | c.cco8291 | ©,58917410 | 0-0 17cg 15 44 | $+31742509 | 10.5325701 | 16 
ad 6.308856 8 | cogo29 OGS1932 | .0091971 | 15 45 9.3180649 | 10.63 19360 | oh 
[#5 | 93054737 £.5947755 69053253 | 0-0092234 | 14 45 | 9-3186571 10.6813028 | 14 
Hou 3100798 | £.59-7502 | CHER IION cog2498 | 13 47 | 9:3193235 | 10.6206705 | 13 
| 6.3106849 | £459-7239 | | © 6853151 | 0,2052751 | 12 | 49 2.3199611 | 10.68co38g | 12 
49 | $g.31128g2 | $.5505974 | >.6887108 0.0093026 | 11 49 | 9.3205918 10.5794082 | 11 
0] g.21185326 | 9.595571 0.6881074 | £-0093250 | 10 50 | 9.3212216 | 10.578778q | 19 
SU] 0.3124951 | 9:6 345 | | 05875049 | £-2093535 | 2 | 51 | 9.32135-5 } 10.5781454 | 9 
52 9.313958 \ 945 9 5180 | 0.8269032 0,CoO93820 8 [ | $2 1 9. 3224788 | 20, -.6775212 | 8 
533 | 643135575 \ 9.3595514 | -.5863024 | ©.0054086 | 7 | | 53 | 9-3231GS1 | 10.5758539 } 7 
$4 | $.3142975 | $.95995543 | ©.6857025 | 2-0094352 6 | | $4 | 9:3237457 4 10.5752673 | 6* 
35 9.31483965 | $.59053%2 | ©.6851-'35 og4518 | 5 Wh 55 | $.3243584 | 1046755416 | 5 | 
55 | G.3154949 | 9.cg05115 99=_eG: ©. OLet 4 | . 56 | $.3245832 1c.6750168 4} 
5? | 6.3159921 | 0.c5042409 235079 ocS51521 5 | >J | £.3245273 | 10.5743927 | 3 
58 0.2155385 | $.5994599 5833115 | 00395420 | © 53 | £.5252305 10.57376g95 | 23 | 
59 | 0.3192841 -- 3.9 g04312 0.6927159 o,c0g5688 | tk | 59 | 9+320INS 10.5731471 | I 
65\| c.3178789 9.9594044 5221211 | &:co9g5559 © © 5. I 9.3274745 | 10.6725255 | © 
| | | | Co. Arith. Þ Sign- [554 E--:4 { Tangent, | | 


Degres 78. 
g 2 


Degrees 12. 


M. | Sign, Co. Arith, | | | | | Tangene, 44 Shi | Ka | 
| 0.3193729 | 99924044 2.522021 0,2-295895 69 | ; oO | 9:3274745 | 1--2725255 £4) 
1 | 9.318472 | 9:95C3775 15315272 | 0.0299225 | 59 | | 1 | 9.3233553 | 19.5719947 So 
2 | 9-319 295 Hg Ladertbs f 5.582934 $ID 64564 52 KoV-- | 9.3237153 | 12,57 128.47 | TY 
2 | $-31955$1 i 99993237 0.5853419 | 0.029573 | 57 3 | 93293345 | 10.57055%5 | &5 
4 | 9$+3222495 | 9-$9029 7 2.5737525 |! 9.209723 , $2 4 | 53295528 | 2.670472 | os] 
5 $3204.49. 1 $-9902207 0.979159. ; 9-2097393 1 55 5 | 9:33957-4 | 1-+30942,5 | %5 
*= Van: wr 1 of l-eovans —_ _} —_ — } ——— o—— | 
6 | 943214297 | 9.99924 25 0.573573 | 9297574 I-54 | ' 6 | 9.3311872 | I 5588128 | ww 
- | 9.3220185 | $-9g02155 0.577 3314 | 0.-097343 | 53 1 | = | 9.3312030 | 4-6581.65 | 531 
8 | 943225099 |; 6.901283 057737934 | Go2Og TILL j'52:} |. 8 | 5-3324183 | 10.5575317 | 2 
g | 9.3231932 | 9:9501912 0.97 98992 | 93323 ; 5r | 5 | 9-3532327 | | «6559573 | 1 | 
1G | 9-3237802 | 9-950133 ( 0.5792193 | 9.2995501 | FO | to | 9:3335453 j 19:5553537 | 50 | 
4] | _|=—— |=] | ——- |—— || 
11 | 93243557 | 9$.9951057 0.5755343 | 92258533 ; 49 | 11 | 93342591 | 19-55574-9 | 45 | 
12 9.3249 525 | 39+39 ©0754 «37 $2495 0,2039205 | 48 | 12 | $43348711 | 6 595t27g 6 
13 | 3255304 | 9+5929520 0.5744535 b 0.9999475 | 47 | 13 | 93354323. j 1--5546177 | 47 
Ig | 9 3261174 9-95 2247 0.5733325 2099753 4 45 | I ! 3350927 | 10.553y073 | 46 
CY 9.3265997 9.95 3956973 9733003 | POIODO2L? ' 45 |} 15 | 913357024 | 1C0,9622575 45 
=. CAE | _— ——— | wo ———— TR TT |, 
15 | 9.327211 9.929955g8 0.572719 EF CL0400302 44 15 | 93373117 | 10,55 25887. |} 44 
17 9.3278517 9.9899424 05.3721382 | 0.210% $77 {43 17 | 9337G194 {| 1 «502086 | 2 
18 | 93284416 Soerel b7t5534 | 0102852 | 42 { 18 | 9:3381257 | 19-5514733 | 42 
Ig | $.3299290 0.99923 73 0.57 »g754 | COILOTE27 | I | | 1 3331333 | 1545608567 | 
20 | $-3295988 | 9.9892597 Q-27 4012 | 121493 [.4/ | 20 | 9 339739S1-; | 5602509 | 45 
mn _ ———_—_ | e——_ 1 ni _ 
20 | 9.3301751 5.985332 c 599923 | Os 12152 25 21 $3403441 | 19,5599559 | * : 
22 | $.3397527 j 9-9392-43 ©.6592473 | © 9191957 | 35 | 22 | $4340; 484 | 19-5599519 | 38 2 
23 $.3313285 9.9257755 0.5985715 | C.9012223 7-1 23 | $.3415515 | 10.5584481 _ 4 
24 | C.3419035 | 99897483 0.5535955 GOT 2511 | 35 | { 24 | $+3421542 1-.5578454 | 35 4 
25 | 9.3324777 \ 46.6/0h 2975223 | ©.01 2739 35 | | 25 9.3429599 10.9572434 25 F 
25 | $.33305HI '9 9356532 @) 55594%9 0123088 | 3 | 25 | 9.3433578 10.6555422 | 34 þ 
27 | $.3340237 | 9:93 55554 6553753 | 0-91-3349 | 33 | 27 | 9.3439583 | 1< 6590417? | 23 ; 
28 | $-3341955 | 9:9355374 0.55 58045 | ©-21036.6 | 32 28 | 9.3445580 | 1©+5554420 | 32 
29 | $.3347565 | 9.953 550g5 0.6652335 | 0103905 | 31 26 | 9.3451579 | | .654843c | 31 
Z9 | 93353398 9-9855815 | | 0-55455z2 | 0104135 | 39 30 | 93457552 | ! 5542448 | 39 
—_] ng —_ es _—_ OO So © —  —_— SY 
31 | $:3359262 |9.9395535 0.5540933 | 92104495 | 25 3t | 943453527 | x -5535473 | 29 
32 | $:3394749 9.98 3 4 ©.5535251 0104745 | 28 32 | $9.3459494 | 1c 553050 5 | 28 
3 | $.3370428 9.93834973 0.5529572 | 001059027 | 27 33 } 5$-3475454 19.5524549 | 27 
34 | $-3375099 | $9.9854592 ©,5523c0! 553-8 | 25 34 | 9.34814-7 | 19+ 518593 , 25 
35S $.33819%2 (9:9 $441 J C,581827 . 10535: 25 35 | $+4497352 10.95125.48 | 25 
— | — — —— —_ TONS ——_— ——_ —_ —— SS: p—ſ—_— m— 
35 | $.33387418 | $.9854123 C.6612582 | OI 6872 | 24 $6 | $.345325 | 10,550571 24 
37 |; $63393068 | 9--393845 ©.,6605935 ; O-vIOSISS | 23 37 | 943499420 |, 1C,550c 790 23 
38 | $:3358705 | 9-9293592 0.5601294 | ©-010543e | 22 38 | 93595143 | 10-2454857 | 321 
3 | G-3240433 | 9:9?93279 C:65595592 26 CI $=21 21 $> | $-3$L1v59 | (0.594 0:41 2 | 
4 | 93499953 | $+52$2555 0.559037 | C.9197cog | 20 40 | 9.3515g583 | 10.5482c32 | 20 | | 
of feral "he = IS OTE [ounces gm | .— ; 
41_| 9-3415589 | $-589271 18 6-6554429 | 00107259 | 19 41 | 9.352286g | 105477131 19 | 
2 | 9-3421155 | 0.5352427 05578810 | .0107573 | 18 | 42 | 93528753 | 109471237 , 18 
43 | $.3425752 g.c892142 05573205 Tos 107858} 17] 44 35634550 | 1 0495359 | 17 
44 | $.3432385 | £.9: 91855 >.5557514 | ©0103 144 | 16 | 44 54-530 | 10.5459479 | 15 
45 | 9.3437973 | 6.589571 0.5552027 | ©1842 Is | +5 | $-3549402 16.6453558 Is 
mn eee | is ads tae ow —— os Þ ————_— 
45 | 9.3443552 | $-5251285 5535443 | 0.c128715 | 14 | 45 | 9.3552257 | 10447735 | 14 
47 | $.3449124 | 5: 852558 508-5 | o.c1ocone | 12 | 47 | $.3538126 | 1046441974 | 13 
48 | 9.3454658 | eG 00711 | 0:6545312 | 0.210 g289 | x2 | i 42 | 943553577 | 10-545? -23 | f* 
49 j 93462245 | £.c390424 | 6529755 CIOG579 | Ii ! 497 | 9.3555;221 | 10-043 I79 | 38 
50 | 9.34557c4 | 6.525013 G.5534295 l 3853 10 52 | g.3575658 | 105424342 , 10 
"EE [nes | ati | ene nenmes | nn PETE GS I DESO =_ 
$1 | 9.3471336 | 9.825845 | $$22654 |o.cltolgl | 9 | 51 | 9.3581487 6419513 g 
52 | 9.3475870 | 9.55 9550 | C.5523130 | GCILOZ4C 8 | | 52 | 9.3589310 | I0.0941279V | 6 
3 | $:3482357 | 9.025271 | C6517503 | C.CIIO7T2S of 2 | $3 9-3563126 0.940587 4 7 
| 54 | $-3487517 | $9.5388532 | C.0512C83 | ccloOI18 | 6 i 54 | 9:3398$35 ap - | 2 | 
55} 9-345 3429 ' 9-983 g553 | CO 5g91T | OcTIEGE? < | | 55 «30 4739 2 3J52 = | 5 
| | | 2 ' Ts Ae: £0 Tv FREE a” + | 
55 , $.34:3534 9.5828403 | C.E50106* 0.012 1500" 4 $55 | 9.361531 | 10.5399409 | 4 | 
57 | $+3504432 c.9888113 45558 | CCI 1CE 2 g7 | £.3916319 10.5;83581L} 3 \ 
58 | G6.35C6922 ,g.g- 857822 .64ccor8 | c.0112108 | 2 | 58 | 02622406 | 10493775 | 2} 
59 { $.3515405 C$.4837531 0.64% 555 | co TIG4EY b-- 8-7 59 | 0.3 27874 | 16-2572122 =2 
60 { 0.352880 9.59857239 2.6475 529 | C:CTI27EL 1 | 6 | 9.2922041 | 10536535 > | 
IR ©: 44 Be SEE IS GEES Ee ER ©*. SR mn | 
| | | | Co. ara = a... |'Þ & | [ Tangent. | | 
A ee Ee eres Geert men en Np — _———_—— 


Deo ICS TT 


?P 


Degrees r. 


- D.| Sign " Arith, | | 4 1 = | Tangent. 


————— 


_k 


>| G.352032 | 9.9337239 4 | 0.547GI20 Hp cre S.: 943533541 10.5355353 PE 
1 | 9.2525349 | 9-9885047 | 5473551 | 00113053 | 59: | 1]-9-3535491 | 10.6350899 | <. 
2 1.9-353181D | $.9325555 | . | 0-545819> |] 0.0113345-| 58 | 2| 9:3545155 | 19.5354345 on 
3 | 9.3537254 | $.928535z -5452736 | 0.911337 | 59 3 | 9325-921 | 19.5349999 | $5 
| 4 | $-3542710 | 9.9885079 0.5457 255 0.0113930 | 85 4 0.355534 1 10.5343359 -5 
5} 53543159 | 9335779 2.5451355 þ 0.0114224 | 55 s | $-3552374 | 10.6337525 55 
NY mm Pane 4; nn " _—_ oY _ 
| 6 | 9.3553582 | 9.92454832 0.5445418 | 0.-114518 | 54 5s | 9:355$100 | 10.5331900 54 
q | $:3559 97 | $+ 9835138 | 0.5.440993 | 0.0114912 | 53 7 | 9-3673319 | 10.5325131 53 
$ | 93574429 | 9.99843 ,4 | 955435574 | 02115195 | 52 3 | $+3579532 | 10.5320468 $2 
- | 9.359383” | $.9834599 | .91432154 | OOIIG5qOT | gi 9 | 9-358 5233 10.5314752 51 
'1. $:3575242 | 9.9934393 | 0.5424750 | 00115597 | 5 Io 943590937 10.535g253 50 
11 $4359 '37 | 9.5938 4003 «9419353 | 0.0115922 | 49 11 | 943595523 12.56303371 49 
12 | 9:3535027 | 9.6823712 0.5 413973 | 0.0115288 | 48 12 | 93722315 | 10.5257535 | 48 
113 | 93591493 | $+-853415 | 0.540351 | 0.1 [1555 47 | 13 | 5+3797994 | 10.5292005 | 47 
\14 | 93599735 | 4.9823115 *422215 | 9.2115382 | 45 | 14 $+37.13557 | 10.5285333 4 
15 | 9.392154 | 9-998 2521 | 0.5357845 [2-2117179 | 45 | Is | 53719333 10.5280657 | 45 
"WE —mmma—_ — —_* reno... —_—_— ———— Bhd at tp E—_ ER 2g = ——— — 
|15 | $.35 57515 i1-9-9982523 | 0.5352435 | 0.2117477 | 44 [ 15 $37 24932 | [0.527508 44 
19 | $-3512579 | 9:9582225 | | 0.5337130 | 0,0117775 | 43 4-17 493730098 12.5259355 43 
[13 | 9.3SIT217 , 9. rw | 5.63317%2 | 0.0118073 i 2 { 18 | 93735251 | 1£.525370g 2 
A j|1; | 943523553 19.9831528 | | 05375442 | 0.2119372 | gx | ' 19 | 9-37419309 | 12.5258.70 41 
l |: | 9.3528822 -ottegas | | £.93711-8 | 0.9118971L | 25 | $+3747593 | 12.5252437 40 
YC: —— rm ———_ _ — co — — © ———— WE 
: py | $.3534219 If 2 23 1- 29 WW G255=8x O,DvO1 123971 25 | 21 2.37 53190 19.6245210 39 
2 | 22 |'9.3539539 | 9.9830729 | 0.535461 | 00115271 | 33 | 22 9.37 53810 I-,6241190 33 | 
 j23 | 93544052 | 9-9 380429 , | 0.5355148 | 0.219571 | 35 23 | 53794423 | 10.5235577 | 37 
1 [24 9.255 153 , 9,9880123 «5345842 | 0.2119972 | 3: 24 £+37 72230 10.62295G7) 35 
S |25| 9.3555453 | $.9879927 0.5344542 | 9-2120173 | 3. 25 | 5:577593l | 19.5224359 | 3g 
v2 Py Br _ ; — _ —_ j -—————_— — 
* |25| $.365>750 | 9.93795 25 .5339252 | 0.2129475 | 34 25 | 9-3761225 | 10.6218775 | 34 
27 | $.355503S | 9.987922J | 6333554 | 9-0120777 | 33 | 27 | 9:3725813 | 10.6213187 33 
23 | $.3571315 | 0.5878921 05328585 | 0.9121079 | 22 / 23 | $-3792394 | 109.62-7605 | 32 
29. 93575537 | $.93785913 | 0.5333413 | 0.21213 31 | 29 | $-3797969 | 19.5202031 21 
{32 | $43981853 | 2.37815 | 0.5318147 | 02121635 30 | 39 9.3823537 | 12.5195453 30 
— II nn tn nn —_— — — NE —— $— Rane Pies, . 0 CC — —— ann 
21 | 9:3637111 | 9.9393012 | 0.531233g9 | 0.0121583 | ,q | 31 | 9-39-9109 | 10,51909g900 29 
32 64592353 2.877703 | | 0.5309537 | 00122252 | 32 | #3314555 | 10.5185345 | 2 
33 0.359” Tn #774 4 | | HJC 22C2 | O 122596 o, | 33 G39 20255 [09.51797g5 2” 
34  $:37-2847 | 9.9877059 | | 527152 | 0.02122921 | 25 34 | 93925748 | 10.6174252 | 25 
[3s | 0635/8059 043375734 | \ 0.5291921 | 0. 122295 | 20 35 -3331285 10.9108715 25 
lg LOO BD 7; 2. EDGY PRI _—_— —| ——— | We 
(136 | 9.371334 c-938754988 | | 0,62384595 | 0. 1225124 2. | \ 35 j 9-3935215 | 10.6163184 | > 
| 37 G6,4716522 Yog5d 79153 | 2.5925 1477 | 00123817 | 2 37 0.384234 | 12.5 157650 23 
WV | c,3723-25 875879 | 0.5275255 | 0.09124124 | 22 33 | 5-3947253 | 10.5152142 | 22 
Z9ic 3721894 177687 2710%0 | 0.012443) | 21 | | 35 wegBSJJTS | 109.5145530 21 
49 | 9.37341} 92 75253 | 5265351 | 040124737 | 20 | 49 9-30 STORM! 1.141124 | > 
— | - i ——— — | | —— 
S [41 9.3739320 | 9.98744 55 | 52555 0.2125245 | 19 ! 41 | 943854375 | 10.6135524 wy; 
| 42 9.3744517 | 8745.45 | 255183 | 0-0125352 | 18 2 | 9.385 5g 10,.6130131 |} 13 
{43 9.274 5906 9374339 | «5250304 ' 00125901 | 1”7 43 93875355 | 10.5124544 17 
Lat 9.35546 coodngorr 05215122 | 0.125559 | 15 44 | 9$+33%0337 | 10,6119153 | 16 
45 | 9.3750034.! 9.9873722 06239555 | 0./126298 | 15 45 | $-3395312 ' 10,5113538 0 
oY OTE: MOR MATION! de. | - — Er Sat bt 
$ | 0.37551 ;4 i $.5373413 $234805 | 0.0125537 14 45 | 93251721  10.6108215 14 
47 | $.37703.47 87313 | | 0.5229553 | 00126897 | 13 7 | 93957244 16.5122755 | 13 
4 | 9.377519; | $-9872793 | | 0.52245-7 | 0-0127207 | 12 48 |'9+3992709 , 10.6057300 | 12 
9 | $:3780633 | 9972472 5219357 | 00127518 } nn 49 | 9-35-8154 10.5251849 | 11 | 
50 | 9.3985065 | 3.937217 1 5214233 | 0.0127929] 1 52 | $+3913595 1c,5085455 10| 
tang — —_— - _ III IS OO OT Oe 9 Egg RN Eat 256 ak Sane ood nes —_ 
$1 9379035 4 | C,337185 | | £,<209105 | ©. 123140 9 [51 | 5-3;19G34 | 10.508: 955 6 |, 
5 | 9.390601 | 9.63715 45 6203585 } 0128451] 8 Ea ; 93924455 | 10.5075534 | 8 
53 | 0.380112 0971236 51 $%1] | O.C 128764 " $2 | 343923893 1 «227107 7 
$4 | 93806237 | 0.6376g24 | | 0.5153763 | 00125075 | 6 | 54! 943935303 10.5554587 | 6 
£ ps | 0, cH7CSI1 5182691 Þ OcC12 229 | $ i $5 | $£39 4072 | 19.5039273 S$ |} 
— | "3 SINE S ———— _ | —— | m—— --—— - | —_ 
55 19.3815 »; | 09250258 | ©. 182c55 | 00129702 4 | $9 | 953549135 19.5253354 4 
$7 | CoQ9 21422 | 0.5 26c 984 | ; O, $173477 } 0.013015 3 | 57 | 9.3551533 10,c04$452 3 
58 | 9.23255.c | 0,08605" { C917Z23G5 CO1J I <C 2 53 | 5-5 $5535 102,.504395 5g 2 
59 (5.383159: | 6.92563255 | | £51 wry 30644) TY | 59  5-3552325 | 10.5587574 | x 
60 | 0,33 3%5 5, ces85coqlt } } 0.5163243 | 0.13955 60 1 9.395771 | 10,503229g 1 © 
K——————— - oor ee EY — — — —  ———_— 
| | | } Co. Arith. | Sign. f | E | Tangent. | | 
Re et IS BRED —— A PE; ' 


_— O— 


Degrees 14- 


—_——— _ ”_ 


-— —_— 
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—— a> CSE AI eo. WTR IR WE" _—_— 


Degrees 75. 


D. | Sign. | Co. Arith, | | - |. | Tangert. | | 
o | $.3839752 | 9$.5985g041 | 0.5153243 Ha 0-0130959 | ©{ 943557711 | 19.529224.9 ! 5, 
1 | 9-384185;5 | 9.93589725 06153135 | 0-0131274 ws 140 3973929 [0.6025S1+ | «| 
2 | 5:3845873 | 9.985841 | | 0.6153127 | 0.0131590 | 58 2 | 943970463 ner 2 TY 
3 | 943351324 9.9358094 2.5148079 | 0-21Z1902 © 3 9: 3993 330 12.5016179 | 57 | 
4 | 9:3255g55 | 9986777 0.5143931 | 0-0132222 | 55 \ 4 5-3585191 t0.5010809 | $5 | 
S | 9.3362008 | $5.9857451 ©.5137932 | 0.2132539 | 55 | $ | 553954547 | 19.5005 453 | co 
_ 7 OO EE Tn 16040608 DO VET MOINS 1; nes 
6 | $.3357048 | 9.9253144 0.6132959 | 0.2132355 | 54 EG 5-3399835 | 12.52901504 | <4 
7 | $-3372057 | 998658327 c.5127933 | 0-2133173 | 53 | 7. | 94925240 | 19.55g4752 | 5, 
'8 | 93377087 9. 9965529 6122913 | 02133451 | 52 | 8 | 9:4010573 | 19.5989422 } <> 
g | 9.3832101 | 5.986519 | 0.511785 0.0133309 | $1 9 | 9-4 "15510 | 19.59340g0 | <, 
to | $-3287129 | $.9855372 0.511239 | 0.913418 | $0 | 10 | 9-4921237 | 19.5973753 | 50 | 
ir ' $-3892111 9.9855553 | -51073%g | 0.5134447 | 49 | 11. | 9-4925553 | 12.537 3442 0 
12 | 9:33857105 | 9. 9855233 | 0.5102394 | 0-2134757 | 48 | 221.9 49231273 I0.5063127 48 | 
13 | 93922999 j 9.5854313 | | 95097924 JOAIIONE 47 | 13- 5-4237132 19.5962818 | ,- 
14 | 9:3'07079 | 9. 9854593 PICS of 0.2135417 | 45 ; Ig ſat I12.5957S14 | 5 
is + 9:3912957 | 9-9954272 0.5931343 | 2-2135727 | 45 E 94247744 | 10.5352215 | 45 
— OE NO IIS NR ne AION —_— $.  —_— 2-43 IE Hg, 
1s | $43517228 | 9.536395 0.5282572 | 0. 135048 | 44 { 15 1 94253972 | 19.5945924 | 44 
17 | 9.3921993 0.9853530 0.50743297 0.91323790 43 | 17 4 4< 58353 1.534153 . 42 
18 | 9.3925952 | 9-5353303 | 2.5973042 | 9.0135952 | 42 13 | 5 4923744 | 12.5935355 | 42 
19 | $43531995 4600348 # 0.50580g5 | 0.-137014 | 41 tg | 5:4258919 | 15.5931-21 | gx 
20 | 9-3935 352 | 9-935255z | | 09953143 | 0-2137337 | 49 ' 22 | 54 74185 | Ic.5925810 | go | 
21 | 6-3941754 femme 6 0.6058205 | 0-0137959 | 39 ; 21 | 9-4272453 | 1::5520547 | 39 | 
22 | 9.3945729 | 53-5852247 0.5-53271 | 0-0137983 | 38. 23 54, 33712 Io.$g915238 | 23 
23 | 9$-3951558 | 9.985153 0.5248342 | 9-2138397 - 23 £e4-85955 I2.5910035 | 3» 
24 | 9.3955 581 | 9.985135g 0.5:43419 | 2-2133631 | 36 , 24 | $+4295212 | 10.5904743 | 35 
25 | 93951499 | 9.585104z | | 9.503850 | ©:2138955 | 35 25 | 9:41-©454 | 10.5899545 | 2; | 
——_ —cſÞ — a I TIER DC — — — ns 
25 | 9.2965410 9.995072 | | 55033592 | 9.913520 | 34 25 | $-41055g0 10.5854310 | 34 
27 | $.3971315 | $.9860354 ©,502853g5 | 00135505 | 33 | 27 | 9-4110921 | I0.583g079 33 
23 | $:3-75215 | 9.9850055 c.$023785 | 02139931 | 32 23 | 94115145 | 10.5883854 Hl 
29 | 9.3981109 | 9.9859742 0.501889 1 0.014023 | 21 | 29 9.4121395 t9.5373534 ; 21 
30 | 93932995 9.5859415 0,5014004 | 0-2140584 | 3o | 39 | 94125551 | 10.587 3415 35 
31 | 93950878 | 9.938 59-89 C.5952g122 | 0.014051 | 26 | 31 | 9-413178z | 10.5868211 | 25 
2 | $43595754 | $-98 53752 0.504245 | 0.2141238 | 23 i 32 | 94139933 | 12,5853007 |. 28 | 
33 . 9:4000525 | 9. 9858434 059599375 | 22141565 | 27 33 | 54142191 | 0.585789 | 27} 
24 94005489 9.9853105 0.599451 | 0.141354 | 25 34 | 9 4147383 | 10.5852517 | 26 
35 | $-4019343 ; $+9367777 0.5383552 | 02142223 | 25 35 | 5415257 | 19.5947439 | 25 
— — ————————_—— My ———_ aig oo |S ——— ws | 
35 | 9-4-15201 | 9:98 57445 0.5984793 | £-2142551 | 24 35 | 94157752  10.5542248 | 24 
37 , 9.492c048 | 9.925719 0.5972952 | 0.014283; 23} 37 | $-4152528 | 1545937072 | 23 
32 | 9.4924889 | $9.5855795 0.897511 | 09143210 | 22 32 | £+41580cg | 10.5831g01 | 22; 
39 | £.4929734 | $:9355450 0.5970275 | 00143540 | 21 |} 39 | £-4173265 | 10.5326735 | 24 
4 | 9.4934 554 | $:9355129 0.955445 | 2-2143371 | 20 | | 4 c.4178425 | 10.5921g75 | 20 
— —— —————n—n ens ow þ | > —_ —— es WP 
| 41 | 9.4039378 | 9.92553798 >.5560522 | 0.2144202 | 15 41 | 24183580 | 10.5816420 | 1g 
2 | $:-4244195 | 9.c855457 0.595584 | 0-21 4453 18} 42 | $:4188729 | 10.5811271 | 18 
43 | 94045009 | 9.9855135 C:$550g91 | 02144855 | 17 43 | ©4153574 | 10.58-6125 | 17 | 
44 | 94953216 | 549254803 0.5945 134 | 0.c-IggI97 | 16 44 j $+4 199013 | m_ og87 | 16} 
45 | 9-49585r7 | 0.92 54471 0.594138; | 0.145529 | 15 5 | $+4204145 <5795854 TY 
, 45 | c-4263413 | 9.c854133 5935537 | 0.0145852 | 14 ou $.42C9274 , 10.57909725 [| 14. 
47 | Co4<SC2c3 | $-585320 2.59317g7-] &.Otq46519gg | Ig ' 47 0.4214393 Ws ig 13 
48 | 0-409725279 | $-5853471 | 0.55270123 | 00145 5259:Þ 12 | 48 9 q2Ig5E5 5780485 | 12 
40 | 9.4207766 | $:92 5313 C.5922234 | 0.0145852 | HI | 45 9.42 24528 $69753"2 I1 
GO | Co$<£2330 | $5 $20C +3517451 | 00147157 | I-| 152 15 wes | 1 10,5770265 | 10 
* 7 OI £: 4 | wh BOP Fe | ns} oy = 
51 | 9.403730s | g.g852458 | ©.5512594 | 00147532 | 9 | et | $-4234933 | 10.53555192 |. 9 
<2 |*0.4252068 | G.g852133 . 0055-7532 | 00147857 | B 52 | 94233535 | 10.57 500Sg | 8 
53 | $-4056824 | 9.9851793 | 0.45:03176 | 0.0143202| 7 53 | 94245029 | 1045754974 | 7 
54 | C:41-1g75 | 9.6353 452 ' 0.5258425}] 0.0144533 | 6 | 54 | 9.4250113 | 19.574": 587 5 
5s | 9:410543:0 | $.5851125 | | 55893580 | 0.214975 | 5 55 | $.4255154 | loaneabcs 5 | 
— 6 ' RAE 0 3 OCT | w—— G's Cr om 
+5 | g.4111%565 | g.c250725 | | 0.5882541 | worgge1 | 4 $5 | 0.42592271 | 105735729 | $} 
Is, +£115793 | $-58 50452 0.583427 | 0.2149543 =: G7 | 9.4255342 10.5734558 3 | 
53 4190522 | $.9850114 0.5875473 | 00145885 | 2 58 | $-4270408 | 105729592 41 
59. | £4725 $15 | 6.68459775 | | ©25974755 504, 5224 |: 1 59 | $:4275459 | 1945724531 1 
&© -] 0.41252 ' c.cE4543% | .$2500438 | 0.2152552 ! © 62 1 $.4280525 | 1£.5719475 _ 
S ——_——RR Es > nas ap———_ Wi - COno—oens mon 6 Rn — 
{ } Co. Arith. | Sign Bw 1 | Tangent. | 


7. Sign. | Co.Arith. | =} _| ow : 
BY: 564 9249433 | | 0.537038 | 0.0155552 | 60 o | 9:4280525 | 10.5715475 | 60 
| | 0194032255 |5.5549955 | | 2:3955326 | 00150901 | 59 i | 5 4285575 |10.5914425 | 5g 
1943 31 | 0.284875 | | 0.5860519 | 0.0151240 | 58 2 | 9:4299521 | 19.5709379 | 5g 
ab Hut 9.92 48420 2.5855313 | 00151580 | 57 z | 94295951 | 19:5704339 | 57 
| 244 9.9848081 0.5851222 | 0.0I5I919 | 55 4 9-4390597 4099303 55 
| þ 5.4153458 | 9.9847749 | | 0-5845532 | 00152250 | 55 8 | LITER 0d eto 55 
Bo _ 0.5841843 | 0.0152500 | 5 6 | 94310753 | 10.5589247 | 54 
| batt He —_— 0:5837168 00132941 53 7 | 94315773 | 105584227 | 53 
| (Eu oi 9.99245717 0.5332494 | 0.0153283 | 52 8 | 9-432078 | 10.5579211.| $52 
| IS 0.9845375 0.5827825 | 00153525 | $1 9 pens 20 op Fi 
; 15 | 9:4175337 9.93 45033 WIEAIL6T 3.606 53970} 18 107 hee 109 
C3 245218 0.9154310 | 49 11 | 9-4335805 | 19.5554195 | 4g 
| ber r3H: _— Sateabe2 pap + 48 12 | 9:4340800 | 10-5559200 | 48 
| 12 9.4185 149 | 9-9945347 - | 12 | 9:4345791 | 10.55542909 
199195 | 9.9845004 | | 0.580925 | 0.0154995 | 47 3 | 9434 47 
Wo 04195435 9.9844569 2.5304554 | 0.0155340 | 45 I4 | $+4359776 7 on 46 
| w 6.42092073 | 9.9844315 0.5799927 | 0.01555834 45 is 94355757 OY 44242 45 
T1 | 0842357 0.8795296 | 0.2155029 | 44 15 | 9-4359733 | 10.5539267 | 44 
$1 pe2og70e LH SD inGe0 [eres 60 | 17 | 9:4355704 | 19.5634296 | 43 
"7 pe ph 9-0843281 0.5786050 | 0.0156719 | 42 18 | 94379570 | 19.5529339 | 42 
BY 54218556 | 99842535 0.5781434 | 0.2157065 | 41 19 9-437 4930 994th 41 
g | 94823175 9.934252%g | | 0-5775824 | 00157411 | 40 20 | Lee ON RSS 1 40 
| wat - 0.5772220 | 001577158 | 29 21 | 9-4385538 | 10.5614462 | 39 
[942277 he ce rea pegs 33 | 22 9.4399485 | 10.5609515 | 38 
- 0.4235974 9.9841548 | 0.9763025 0.0158452 37 23 $+4395429 10.5504574 37 
6: 9.4241563 9.9841200 | | 05758437 | 0.0158800 | 36 | 24 9:4400363 10:5599637 35 
;s | 94246147 9.9840852 0.5753853 | 0059148 | 35 2s 94425295 | 10.5594705 3s 
"+ | 9.4250925 9.9840503 0.5749274 | 0-0159497 | 34 25 | 9:4410222 | 10.5589978 | 34 
: 9.4255299 | 9.9840154 0.574471 | 00159846 | 33 27 | 9-440! 10-5534855 | 33 
x 9.4259867 | 9.9839805 05742133 | 00160195 | 32 28 | 94420062 | 10.5579938 | 32 
| 94254430 9.9839455 0:5735570 | 00160545 | 31 29 0500 td 31 
| » 9.4258988 | 9.9839195 0.5731012 | 0.01608g5 | 30 | 2” 9.44 SEE; 2 »$$70L19 Jo 
Wa b 0.5725 0.0151245 | 2 31 | 94434786 | 10.5565214 | 29 
| - 64Gb Fo apt eb Ts Cr 26 32 | 9:4439685 | 10.5560315 | 28 
: . 9.4282631 | 9.9838052 0.5717369 | 00161948 | 27 33 | 94444579 | 10.5555421 | 27 
1 134] 94287159 | 9.983701 | | 05712831 | 0.916299 | 25 of 99+ 1 0s boo 
F 35 | 94251701 | 9.9837348 0.5708299 | 0.9162652 | 25 35 PHASE 12554594 Ty 
: went heads —_ — R 
: ; ; 0.57c3772 | 0.0163004 | 2 35 | 94459232 | 10.554076g | 24 
BY = ee LT 3699250 0.016357 _ 37 | 9-4454107 | 10.5535893 | 23 
Þ 94305267 | 9:9836290 0.5594733 | 09163710 | 22 33 | $+4458978 | 10.5531022 | 22 
39 9-4309779 | 9.9835935 0.559022r | 00164054 | 21 39 94473543 10.5526157 | 24 
. (f, o 
40 | 943142856 | 9.9835582 0.5685714 0or64408 20 - . 4475724 ; ”" $521296 _ 
Fa ; 0.6581212 | 0.0154773 | 1 41 | 9-4483501 | 10.5516439 | 19 
] ets | ns ods pres c- 42 | 9:4483413 | 10.5511587 | 18 
þ : 9.4327777 | 9.9834517 0-5672223 | 00165483 | 17 43 | 9-4493299 | 10.555740 | 17 
| : 04332264 > Tas 0.5657735 | 0.0165839 | 16 44 9.4458 102 | 10.5501858 | 16 
| [|45|9:4335745 | $.9833805 | | 05563254 | 0.0156195 | 15 45 | 94592949 | 19.5497060 | 15 
ol 0, 5 6.5558777 | 00166551 | 14 45 | 9:4501774 | 10.5492226 | 14 
j tae TION, Ye nd 6.0156g08 | 13 47 | 9$:4512602 | 10.5487398 | 13 
48 04360161 9.9832735 0.5649835 | 00167265 | 12 48 | $:4517427 | 10.54592573 | 12 
| 49 | 9:4354523 | 99832377 0.5545377 | 00167623 | 11 49 ho 10.5477754 | 11 
$0 | $.4359080 | $.9232019 0,5642929 0.016 7581 ve = 9.45279 SO OFRIP = 
S 1. TLRs .<635468 | 0.0168 51 | $:4531872| 10.5458128 | 9 
4 - PRES — pp" 09-8 00168558 b 52 | 9-4535578 | 10.5463322 | 8 
Y [| 54392422 | 0830342 | | 0.627578 | ool&gos8| 7 $3 | 94541479 | 10.5458521 | 7 
54 0-4376850 9.5830583 0.5523141 | 0-0159417 | 6 $4 9-450 195453724 6]. 
5s | 9:4381292 | 9.830223 0.5518708 00169777 : 55 9.4551069 POE PLL I 
4 y _ 5 a2 . 8 Lo, l 4 
6 | 9.438<719 | 9.68 29852 0.5514281 | 00170138] 4 55 | 944555857 5444143 
D ST ego 0.559858 | 0.0170499 | 3 57 | 9.4560641 | 10.5439359 | 3 
#.| 0-420.2508 0.9820140 0.5505440 | 0.0170850 | 2 58 | 9-4565420 | 10.5434580 | 2 
59 | $:4398973 o.c828778 | CegSCr027 Cade I 2 Apia 10.5429806 «/ 
60 | 9.44c333 1 | g.c828415 0.55G6919 0.171586 | © 0 | 9.45749654 Sik 2-26 ct 
8 [- | | Co.Arith. | Sign. | | [ | F Tengen. 


Degrees 74- 


Degrees 16. 


| Tangent 
oO-| $.4574954 
11 2:4579732 
2 | 9:4534451 
3 | 34539248 
4 | 94594901 
s | 34555749 
6 | 9-4593492 
1-41 9.458232 
| 84 9:4512557 
| 9 | 9.4517597 
| to j} 94922423 
| MI | $-4927I45 
| 12 | 9.4531853 
; 13 | 9:4535579 
| 14 | $+-4541265 


Is | 5:42 4599- 


9.49 805 Yo 
9.45 55385 
- 4595 2273 

«4554755 
$-4209440 


SG LEY — — n— 
”- 
4 


[9] 
[S 


&. 457.4127 
$.4278802 
$+4533473 
Ge4583139 
9.4592301 


D 0 0 Db 1 
fy fn 9) 6 == 


94557459 
9.4702112 
9.4709762 
94711407 
9.4716043 
9.4720535 
9.47 25318 
9-47 29547 
94734572 
9+47 39192 


| 


— — 


pt > 
GW 1 


9.4743708 


$.4789748 
9.4794315 
9.4758887 
9-4303451 
9.480811 


9.43917118 


c.g335205 
an 4835318 
3|5 45 44345 
S9 |} 0.48 18570 
60! «4353350 


 9.4826210 | 
| $-4830759 | 


$+4743421 | 


——— 


— 


9.41 12555 | 


19.5425036 8 
10.5420279 | 59 
lV.$.41 3509 53 
10:5410752 | 
l2.53405399 £5 
lO.54o1I25g1 = 
19.5395598 | « 
109-5391753 | © 
10.5337033 44 
19. 5332303 ” 
19-5377577 | vo 
ES - | —| 
12.5372855 | 49 
10-5353137 | 48 
10.5353424 | 47 
19.535%71s | 46 
10.5 354910 | 46 
19.534930D | 44 
I-.53446t4 | 43 
15, 5339922 2 
1045335235 [| 41 
t-+5330552 49 
12.5325873 | 39 
12.5321193 | 38 
I0.5316527 | 27 
10.5311851 | 36 
I0.5307199 35 
19.530254T | 34 
10.5297888 33 
105253238 32 
Io.5288993 ! 31 
19.5283952 | 30 
I0.5279315 | 29 
19.5274532 | 28 
19.5:70053 | 27 
10-5255428 | 26 
10.526088 | 2g 
Iv.5255191 | 24 
ICe$251579 | 23 
| 10.5245g71 | 22 
10.5242357 | 24 
| 10.5237757 [20 
10.5233171 | 19 
10.5228579 | 18 
, 105223991 | 17 
10.52154083 | 15 
12.5214228 | 15 
10.521C252 | 14 
10.5205"81 | 13 
10.5201113 | 12 
19.5195549 | 11 
19.5191585 | 10 
10.5187434 | $ 
10.5182882 | 8 
19.5178334 | 7! 
12.5173750 6 
10,5199250 5 
Ic +$194714 & | 
1.516182 | 3 
10.5155554 | 2 
Ic.g151159 I 


10,5145510 


$_— _— 


| jnal $1gn. Co. Arith. | | bh 
o | $+4423331 | 9.9328415 56 AXEL Bn 0.0171584 | 50 
1 | 9:44277%4 | 9-9328054 | 0.5592215 | 00171949 | 59 
2 | 9.4412122 | 9.9827551 0.5587813 | 0.9172399 | 523 
Y 9-4415575 | 9.9927323 2255383424 | 9-0172575 | 57 
4 | 94420965 | $:9325954 0.5579-35 | ore 32 { 59 
5 | 9:4425349 0.98 25500 045574951 | 9.217349" | 55 
6 $.4429723 | 9.9325235 0.5570272 | 0.2173754 | 54 | 
7 $.4434103 ! 9-9825871 0.5525897 |] 00174129 | 53 
' 8 | Go4433472 | 6.99 25505 2.5591523 ] 0.0174494 | 52 
3 ' 9-4442337 | 9.982514”) 0.5557153 | 0.0174350 | SI 
10 | $9:4447197 | 99324774 | 0.555283 | 0.0175225 | 59 
11 | Ge4451553 0.5324408 | 045549447 | 9-2175592 | 49 
12 9$-4455924 | 9.9824041 | 0.5544 95 | 00175939 | 48 
13 , 9445-2250 , $+5823574 0.5535759 1 0.0175325 | 47 
14 | 9:4454591 | 99323395 +5533409 | 0.01765g4 | 45 
15 | 6.4458927 | 99722383 0.553027 | 2-v177052 | 45 
—_ | — NIE Seoth 
is | $:4473259 | $:9822559 0.5525741 | 0.177431 | 44 
17 | 9.4477585 | 9:9822201 0.5522414 | 0.0177599 | 43 
13 | | $:4481909 9.9321331 25513091 | 0,0173159 | 42 
19 | $:4485227 5 9821452 0.55t3773 | 0.-178538 | 41 
20 | 9. If 9.9321092 | 0.5529450 | 0.9178952 | 49 
- | $-4494849 | 9+9920721 | 0.55-5I51 | 0.0179279-} 39 
22 | 9.4499153 | 9:982>351 | | 05592847 | 00175549 | 33 
23 | 9:4503452 | 9-9819979 | | $:5495543 | 0.2180021 | 37 
24 | 9:4597747 9.931 9503 ©.5492253 | 00180392 | 35 
25 , $-4512037 | $.9813235 | 0.5437953 | 0.21307 54 | 35 
25 | 9:4516322 |9.981336z 0.5483573 | 00181137 | 34 |} 
27 | $-4520603 | 5.98 13450 0.5479397 | GolZ31519 | 33 
28 | 9.4524879 | $.9818117 05475121 | 0.0181833 | 32 
29 | 9-4529151 9-98 17744 0:5472849 0.01382255 31 
30 | $+4533418 | 9.9317370 0.5455582 | 0.2132539 | 3o | 
| 31 | 9:4537681 | 9.92 15995 0.5452319 | 0.018300s5 | 25 
32 | 9$-4541932 | $-93815620 0.5458051 | 00183380 | 23 
33 | 9:4545192 9.9315245 0-5453308 | 0,0183755 | 27} 
34 | 94552441 |9.9815970 | | 05449559 | 00134130 | 25 
35 | $:4554785 | 99315454 0.5445314 | 9-2184505 | 25 
36 94553926 | g-g815117 05441074 [0.01349 33 | 2 
37 | $-4553161 | 9. 9814740 ©0.54358339 | 0.0185250 | 23 
2 | $+4567392 | 9. $814353 0. 5432502 | 0,0185637 | 22 
39 | $44571618 | g.9813935 0.5428382 | 0.0125014 | 21 
49 | $-4575840 | | 9:9313503 | 0.5424160 | 9.-186392 | 20 
41 : 9:4580058 9.9313229 0.5419942 | 0-0185771 | 9 
42 9.4594271 | 9.c812850 C.5415729 0-0187159 | 18 
43 | 94588480 | 0.9312471 ©.5411520 | 00187529 | 17 
44 | $-4552584 ; 09312591 05407315 | 0.91875"9 | 16 
45 5-4555884 | 0.9811711 05493116 | 00188285 | I5 
45 | $.45c1079 | g.9811331 0.5398921 | 0.018855g | 14 
, 47 | 54505270 | $.5810950 0.5394730 | 6-C019g050 | 13 
48 | 9:4505455 | $-938 10559 0.5350544 | 00189431 | 12 
149 | 94513638 | £.9210187 c.5325362 | 0.0185813 | 11 
50 | $.4517815 | 99209805 | | C.5332124 | 0.01G0195 | It 
5l | 9.4521589 | 9.6805423 ©.5378011 | 0.019577 | 9 
2 | 9.4526158 | 9.9905040 0.5373842 | 0.<Igogbo | B8 
53 | 94530323 | $-9808657 0.5359977 | 00191343}; 7 
54 | $:4634483 | 9.53c8273 | | 0:53%5517 ey 57201 6} 
55 | 9:4533535 | $-5807889 0.5361351 HOLPATET 5 
55 | coa5az7e0 | gcofonges | | 65357210 | 60152495 | 4 
57 c.4546538 G.5907 120 0.535362 | o.ci52880 | 3 
53 | 9s page bo 0.98c0735 0.544915 | 09193255 Wes 
59 | c.4*5$2159 | $.98c6349 Ce$344731 | 0,.cIc3551} I 
$0 | 9.4659353 | $.5E05+63 0. 5349047 | 0.2194937 | © 
| | | jCo, Arith. [| Sign, {| Þ 


Degrees 73- 


Tangent. 


— — 


| 
£1 


gp — — 


Degrees 1 7. 


j\| Sigr. | Co. Arith. | | | | | Tangeor, | 
0 1 9:45559353 | 545995993 | 46m 5df 0.0194037 | 6@ | O | 9.4853392 | 10.5145610 | 5g 
1 | 94563483 | 5-92-5577 0.5335519 | 0.2194423 | 55 | 9-43 57507 | 10.5142033 | 5 
2 | 9.4557 509 | 9-5305190 0.3332351 | 0Ig9q310 | 53 2 | 9.4852415 | 19.5137581 | 58 
3 94571735 9.9304833 | 0.5323270 | colgglg7 | 57 | | 3 | 9-4356923 | 1:.5193072 | 59 
4 9.457 5843 9.5304415 0.5324152 | O.Clg5535 | 56 4 | 9-4371433 | 10:5128557 | 55 
; 9.457 9950 | 9.9894027 05320040 } GOI95973 | 55 | 5 | 9:4975933 | 10:5124067 | 55 
6s | 9.452 4059 | 9.5853539 0.5315931 | Ocolg6351 | 541] 6 | 9-4380430 | 19.5119970 | 54 
- 9.4583173 | 9.3803250 C453113827 | 00195750 | 53 | 7 | $-4884924 | 10,5115075 53 | 
g | 94592273 | 99302850 045307727 | 00197140 | 52 2 | 9.483g413 | 10.5110587 | g2 
19 9.4556359 | 9.5802471 0.5303531 | ccolg7529 | Fl $ | $-48938598 | 105106102 | g1 
to | 94700461 | 9.980208 1 0.5299539$ | ©.0197919 | 50 10 | 9.4398380 | 10.5101620 | g9 : 
11 | 9:3704548 | 9-5801692 0.5255452 | 0.0198310 | 49 11 | 9.4902858 | 10.50997142 | 4g 
12 | 94708531 | 9.9901229 0.525135g | owvig89ol | 48 12 | 94997333 | 19.5292668 | 48 
13 | 94712710 9.980098 0.5287250 | 001990592 | 47 13 | $.4911802 | lo:5o88158 | 47 
14 | $:4715735 | 9.5800515 | | 0-5283215 | 00199484 | 46 14 | 94915269 | 10.5083731 | 45 
Is $.4720355 | g.9300124 | 0.5275144 | 00195876 45 | I5 | 9:4920731 | 10.5079269 | 4g 
15 | 94724522 9.9799732 0:5275078 0,0200258 44 15 9.4925190 10.5574810 44 
11 | 947239835 | 9.9759339 0.527 1015 | 00200661 | 12 17 | 9.4929546 | 10.5970354 | 43 
13 | 9:4733943 | 949798945 0. 5266957 | 00201054 | 42 | 13 | $.4934997 | 10-5055903 | 42 
19 | 94737097 | 9.9798552 0.5262903 | 0.0201448 | 41 ls | 9-4938545 | 10-5061455 | 41 
22 | 9-4741146 | 9.9798158 0.5258854 PTR heh >. 20 | $.4942988 | 19:5057012 | 4o 
21 | 9:4745192 | 9.9797754 | | 9+5254808 | 0.0202236 | 3g 21 | 9-4947429 | 10.5052571 | 39 
22 | 94749234 | 949797399 045259765 | 00202531 | 38 22 | 9:4991865 | 10:5048135 | 38 
23 | $:4753271L | $.9796973 05245729 | 00203027 | 37 23 | 9-4959298 | 19.5043702 | 37 
24 | 94157304. 99795578 0+524269$6 | 00203422 | 36 24 | $5-4$60727 | 10.5039273 | 36 
25 | 94761334 | 9.9756182 | | 05238565 | 0.0203818 | 25 25 | 94965152 | 10-5034848 | 35 | 
26 | 9:4765359 | 9-9795785 0.5234641 | 0-9204215 | 24 26 94969574 10.5030426 | 34 | 
27 | 94769380 | 5.9795388 05232620 | 0.0204612 | 33 27 | 9-4973991 | 10.502600g | 33 f 
28 | 9-4773356 | 9:9794991 05225604 | 00205009 | 32 28 | 9.4978406 | I0.5021994 | 32 
29 | 94777409 | 949794593 0.5222591 | 0.0205407 | 3x | 29 | 9-4982816 | 10.5017184 | 31 
30 | 9-47814t8 | 9.9994195 0.5218582 | 00205805 | 205 30 | 9.4987223 | 10.50127797 | 36 
31 9.478 5423 9$-9793796 048214577 0.0206 204 | 29 31 | 9.4991626 10,gc08374 29 
32 | 9:4789423 | 59.9793358 ©0.5210597 | 00205602 | 28 32 | 9.4996026 | 10-5003974 | 28 
33 | $:-4193420 | 9.9792998 05206580 | 00207002 | 29 33 | 9-5000422 | 19:4599578 | 37} 
44 | 94757412 | $.5992599 05202588 | 0.0207402 | 25 | 34 | 945004814 | 10.4995187 | 26 
35 | 9-4801401.|:g9.9792158 0.5198599 | 0.0207302 | 2g 35 | 9-5009203 | 104990796 4, 
35 | 9.48%05385 | 9.9951758 c.s194615 | 0.0208202 | 24 | 35 | 9.5013588 | 104986412 | 24 
37 | 9:4309366 | g.9991359 0.5190634 | ©.0208603 | 23 37 | 9.5019959 | 10-4982031 | 23 
38 | 94313342 | 9.9790998 | 0.5136658 | 0.0205004 | 22 | 33 | c:5022347 | 10:49796g3 | 22 
JW | 94317315 | 9.9990594 0.182685 | 00209405 | 21 39 | 9.5<26721 | 10:4973279 | 
© | 94821283 | 9.5790192 0.5178717 | C-0209808 | 20 9 9.503 1092 | 10:4958908 | 20 
41 | 94325248 | 5.9789789 ©:5174752 | 00210211 |} 19 41 | 9.5035459 | 1044964541 | 19 
142 | 94829208 | 9.5989385 0.5170792 | 0.0210614 | 18 42 | $-3039822 | 10445960178 | 18 
( | 9:4833165 | 9.9788983 0.5166835 | 00211017 | 17 43 | 9-5044182 | r0.4955818 | 19 
44 | 9-4837117 | 5.9788580 0.5152883 | 0.0211421 | 16 44 | 9-5048538 | 1044951462 | 16 
145 | 9:4841066 | 9.5788175 0.5158934 | 00211825 | 15 45 | $.50528g1 | 10.4$47109 | Ig 
wo — — — ———— _- — 
46 | 9.4845010 | 9.9989770 0.515459O | ©0.0212230 | 14 46 | 9.5057240 | 104942760 14 
4) | 94848951 | 9.9787365 ©.5151049 | ©.0212635 | 13 47 | 9.5061586 | 10.4938414 | 13 
4 9-4352888 | 9.9985960 05147112 | 0.0213040 | 12 43 | 9.5065928 | 10.4934072 | 12 
49 | 9:4856820 | 9.9786554 0,5143180 ©,0213445 | I 49 | 9-5c70267 | 10.4929733 | It 
199 | 9.4860739 | 9.5786148 05139251 | 00213852 | 10 $0 | 9.5074502 | 19.45925398 | 16 
$5 | 9.4864674 | 9.9785741 0.5135326 | 002142559 | 9 51 | $.5078933 | 1045921067 | 9 
2 | 94868595 | 5-9785334 | | 2-5131495 | 0-0214655 | 8 52 | $.5083261 | 10.4916739 | 8 
$3 | 9:4872512 | 9.9784927 0.5129488 | 0.021573] 7 53 | $+50387586 | 10.49124r4| 7 
54 | 9:4376416 | 5-9784519 045123574 | c-O215481| 6 54 | 945091909 | 10.4g08093 | 6 | 
Ss | 9:4880335 | 9.9784111 0.511965; | c.o21588g| 5 $5 | 9:5<96224 | 10.4503796| $| 
$6 | 9.4884240 | 9.9783792 0.9115750 | c.o216298] 4| 55 | $451c0539 | 10, 51] $4| 
{7 | 9-4388142 | 9.9983293 o.5111858 | 0.021677 | 3 $7 | 9.510g849 0 tc 3} 
$5 | 9.4892040 | 9.9982883 0.5109960 | 00219117 | 2, 53 | 9.35109156 | 10.4890844 | 2 
$9 | $:4895534| 9.972 2474 0:-5104c65 | 0.0217526 I | 59 | 545113450 886540 | IT} 
6 | 9.4899824 | $.9782063 0.5100196 | C10217537 |} © 60 | 9,5119460 $2 e0a2es | of 
| [ | Co. Arich. [| Sign: | | $:-1 | - Tange, | 
——— — _ — —_ —— — — — <2 — 


Degrees 72s 
| * ; 


Degrees 18. 


— 


Degrees 


as | _ | Arith: | | | | | Tangent, 
” _ = = WY 
© | 9.4895824 | 9.5762063 .5100175 O, 0217397 | ww ' ©01 9.5117769 | 10.488 2245 60 | 
1 | 9.440371% | $-$781553 2.5225299 | 0.-218347 | 5: ; I | 9.5122057 | 104877943 e. 
2 | 949927592 | $-9781241 2.509248 | 009218759 | 58 ' 2} g-5125351 | 10.4873549 <2 | 
2 | 944911471 9.978083, 25085529 | ©-0219179 | 57 | 3 | 9-5139541 | 10.48655y59 eq | 
4 | 54915345 | $-9780418 | | 05024555 | 00219582 | 55 - 4] 9+5134927 | 10:4965073 | £5 | 
5 | $-4919216 9.9730005 0.5285784 | 021595994 | 55 | 5 | 9-513$210 | 10.4860750 oo 
6 | $+4923083 | 949779593 0.5975917 | 00220497 | 54 64 95143490 | £042 565to | 
- | $-4925945 | 9.9779180 245973254 | 0.59220820 | 53 7 | 9:5147755 | 10.4352234 | n+ 
8 | 9-4930306 | 9:9778765 0.5055194 | ©-0221234 | 52 8 | 9.5152039 | I0.49475g61 | 52 | 
c | 949346651 | 9:9778353 05255339 | 20221647 | Fl 9 | 9:5155309 | 10.4843591 | þ; 
io | 94938513 | 9-9777939 0.525 1427 | ©.0222052 | 5O Io | 95150575 | 10.4839425 | 5, 
7 TL2OW — pq So ens | _ 
11 | $-4942361 | $+5777523 0.5957639 | 0-9222477 | 45 Li 95164238 10.4335162 | 49 
12 | $:4945205 | 949777106 0.5053795 | 00222892 |} 48 I2 4 51650 10.4830903 | 48 
13 | 94950045 9.9776593 0.5049954 } ©+0223397 | 47 13 © $099353 10.43 25547 | 47 
14 | $:4953883 | $:9775277 0.5046117 | 0-0223723 | 45 | 14 9.5177606 | 10.4322324 45 
is | $:4957716 | 949775360 0.504 2284 | 9-9224140 | ys 15 9.3181855 | 10.4918 145 | as! 
—— A—_—_— _=_ my 2 eames FREED | 
16 |] 544261545 | 99775444 0452332455 | 22224556 | 44 | 15 | 9.5126101 | 104813899 44 | 
17 | $-4955370 | 99775020 0.5934532 | 0-0224974 | 43 {17 | 9.5190344 | 10.4809556 | 
18 | 9:4959192-| 949774509 | | 09-5030848 | 00225390 | 42 | ; 18 | 9.5194583 | 10-4805417 | 42; 
i9 | $-4973010 | $49774191 0.59025999 | 09225309 | a1 | | Ig 9.5193819 | 10.4%01141 41 | 
20 9.40758 24 1 9.9773772 0,5923175 0,.02:6223 4O | 20 | 9e520JZOg2 10.4795998 40 | 
your k : _——— Amun © an j- <—_ w- =— EL 
21 | 9:4980635 | 9$:9773354 0.5019365 | 0-0225545 | 35 | 21 | 9-5207282 | 10.4792718 39 | 
22 | $44984442 | $+9772934 0.5015558 | 0-0227095 | 33 \. 22 | 9-5211508 | 10.4789493 33 
23 | 94983245 | $+5772515 | 0,5011955 | 00227485 | 37 | | 23 9.5215730 | 19.4784270 | 2, 
24 | $+4992049 | 9:9772065s | | ©+5997955 | 9-0227,05 | 35 | 24 | 95219950 10.478-050 | 25 
25 | 9-4995840 | 949771574 0.52904150 | ©.0228326 | 3g 25 |9.5224165 10.4775334 | 35 
26 | $:4999633 | 949711253 0.5000367 | 00228747 | 34 26 |9. 5228379 | 104771621 34 
29 | 9-5003421 | $-9770832 0-4996579 | ©-022916F | 32 27 | 95232589 | 19.475741T | 2, 
»| 28 | $-5007206 | 99770410 0.4992794 | 09225590 | 32 28 | $-5235795 | 1047632925 | 32 
1 29 | 9:5010987 | 9-9769988 0.4989013 | 00230012 | 31 29 | 9-5240999 | I0-475$90OL | 2, 
30 | 95014764 | 949769566 044985235 | 00230434 | 3o 30 [95245199 | 10.4975401| 25 
31 | 9-5018538 | 9.9769143 0.4981462 | 0-0230857 | 29 31 |$-5249395 | 104750605 | 2g 
32 | $-5022308 | 9-9768720 0.497769: | 00231280 | 28 2 [95253589 10.474541T | 28 
33 | $-5926075 | 9-9768296 0.4973925 | 00231704 | 27 33 | $-5257779 | 19.4742221 | 25 
34 | 9:30398338 | 9-9767872 0.4970I62 | 0-0232128 | 25 34 | 9-5251956 | 10.4738034 | 25 
35 | 9-5933597 | 919767447 | | 4956403 | 0-2232553 | 25 35 | 9-5255150 | 10.4733550 | 25 
36 | 945037353 | 949767022 C.4952647 | 0-0232978 | 24 36 | 9-527C331 an oor 24| 
37 | 9:5041105 | 9.9956597 04958895 | ©.0233403 | 23 | 37 | 9$-5274508 Þ 10-4725492 | 22 
| 38 | 9:5944853 | 9.9766171 0.4955147 | 9.0233829 | 22 33 | £-5278582 | 10.4721318 22 | 
39 | 9$-5048598 | 9.9965745 ©0.4951402 | ©-0234255 | 21 39 | $.5282854 | 1044717147 | gy 
4© | 9+5052339 | 99765318 0.49476561 0.0234682 | 20 40 | 9-528702T | 19:4712979 | 25 
41 9-5056077. 9.9764891 ©0.4943923 | ©.0235109 | 19 |- 41 9.5291186 10-47-8814 19 
g2 | $:505$811 | 9.9964464 0.4940189 | 0.0235536 | 18 . 2 | $:5255347 | 10:4704553| 18 
43 | 95063542 | 9.9764036 0.4935458 | 00235964 | 17 43 | 9-5259505 | 10.47-0495 | 15 
| 44 | 9-5067269 | $.9763608 0.493273 | 00235392 | 15 44 | $+5303661 | 1044656339 | 15 
45 | $-5070992 9.5963179 ©.4929008 | 0.0235820 | Ig 45 9.53c978$13 | 10.4692187 Is 
46 | 9.5074712 | 9.9962750 0.4925288 | 00237250 | 14 45 | 945314951 | 104583039 | 1, 
47 | 9-5078428 | 9.9762321 0.4921572 | 00237579 | 13 47 | 95316107 10.4583253 | 13 
48 | 9.5082141 | 9.9761891 0.4919859 | 0.0238109 | 12 43 | 9.5320250 | 104579750 | 12 
49 | 9.508 5850 | 9.9761461 0.4914150 | ©.09232539 | 11 49 | 9$:5324389 10.4675611 | xx 
$0  9.g089556 9.9961030 0.4010444 | 0-0232570 | 10 0 | $.5328526 | 10.4671474 | 10 
| 51 | 9:5093258 | 9.9950599 0.406742 | 0-02394ol | 9 gt | $.5332559 | 109:4657341| 9g 
52 | 9.50g56956 | 9.9960157 04503044 | 00239833 | & 52 | 9:5336789 | 10.4553211| 8 
53 | $-5IOO6g1 | $9.9759735 c.4855349 | 0-C249264 | 7 53 | '9-5349916 | 10.4655034 | 7 
54 | $+$104343 | 9+9759303 0.4895657 | 0.9245g7 | 6 54 | 95345040 | 104654950 | 6 
55 | 9.5108031 | 9.9758870 ©.4851959 | 00241130! $ 55 | 9.5345161 | 164650839} 5 
$56 | 6-5111716 | 9:-9758437 0.488828, | 00241563] 4 $5 oeeneaens | 10 0.46467 22 4 
$7 | $+5115397 | 99758004 0.48384%63 | 00241996 | 3 57 | 9.5357393 | 10-4542507 | 3 
58 G.SLIIgO74 | $+975757- 0.4885 G26 C0242 430 | 2 | 53 9.5 391505 10.4638495 2 
159 | $-51227%6 99757135 | 0.4877251 | 0.0242855 b | 59 $.5355513 | 10.45634387 | 1 
$0. | 9. $126419 | $.97$6701 0.4373581 | 0,0243259! © 601 9.5359719 10.4630281 | © 
| | [ | Co. Arith. | Sigh [ - [724 { Tangent. | 


Degrees 1 9: 


_— 


wy S1pn. | 0. Arich, Me} | | Tangent, 
oi Gegt254t0 | 9.9755721 E 73531 | 0.0243299 | 60 | © | 9.5359719 | 10.4530281 [99 
" 1 | 9-5 130096 evetads | 0-4359914 0-2243735 | 59 t | 9-5373821 | 10.4626179 | $9 
2 | 668133750 | 9.9755830 0.4255259 | 0.0244170 | ef 2 | 945377920 10. 4522080 $8 
| 3 | 95137410 | 99755394 2.4352550 | 0.0244605 | 57 3 | 95332017 | 10.46 17983 | $7 
| 4 | 0.5141057 | 949754557 0.425933 | £-9245043 | 5s 4 | 5335110 | 10.4613890 | $6 
| 6 | G-5144721 | 29754521 | 0.4355279 | 0:5245479 | 55 5 | 9:5390200 | 10.450g800 | 55 
| 6, 945148371 | 9-5754283 | 1,0.4351525 | 0.c245917 | 54 6 | 95394287 | 10.4605713 | 54 
; 41 g.515-017 | 9 9753545 0.4347333 | 0.0245354 | 53 7.| 9-5398371 | 10.4S501629 | $3 
3 | c.515555c | y.3753203 -43411340 | 00246792 | 52 8 | 95422453 | 10.4597 547 | 52 
o | Co$1593-0 5752799 ©. 483070 | 0.024723T j gl 9 | 9-5495531 | 10.4593459 | St 
12 95153935 2752320 0.4337054 | 0.0247570 | 59 lo | 9-5410505 | 10.4589394 | 59 
11 | Co$1505509 | G.2751291 4333431 | 0.224810z | 49 I1 | 9.$414578 10.4535322 49 
| 12 9417-158 | $-9750L451 0.43293-2 00243549 | 48 2 9.5418747 lo.-4531253 48 
'13 . 9-3173324 | 9-9751-1>., | 0.4825175 | 0.0243989 | 47 13 | $.g422813 | 10.4577189 | 47 
(14 | 945177447 | 9:975257 > | 4322553 | 0.0249439 | 45 14 | $:5425877 | 10.4573123 46 
| 15.| 5.5181-65 | 9.97592129 | 0.4318934 | 90249871 | 45 Is | 9:5439937 | 10.4569053 45 
115, £5134 582 | 9-5749533 |- | 0.4315318 | 0, -25031I2 | 44 | 15 | 9-5434934 | 10.455g006 | 44 
| 17 | g.3188295 | 9:9743245 | | 0.4311705 | 0.0250754 | 43 17 | 95439048 | 10.4560952 | 43 
| 13; c.3191904 '9 2274335 4 | 2.4893095 | 0.0251195 | 42 ! 18 | 9:5443100 | 19.4556g00 | 42 
| 12, $.35195510 | 9. 9743351 | | 24824459 | 02251539 | 41 I9 | 9:5447148 | 10.4552852 | 41 
; 20 G5199812 { £49747918 | | © $4302883 0.252032 | 49 20 | 9+54511593 |} 10.4548807 | 40 
hs}. nm | — || ——mers | —— _ — -- 4 
1 | 845222711 - $+5747475 | | 0.4757239 | 0.0252525 | 39 21 | $-5455236 | 10.4544764 | 39 
22 | 9.52053 57 | $-9747031 | 0.4793%453 | 0-025255g | 38 | | 22 | $:5459275 | 10.4549724 38 | 
23 | $:5203892 | 949745587 | | 0.4750tor | 0.2253413 | 37 23 | $+5463312 | 10.4536688 [37 | 
24 | $-5213483 | 9.9745142 | | £.4785512 | 0.025333 | 3s | 24 | 945467345 | 10.4532554 36 
25 | 9-5217074 | 99745597 | 0.4732925 | 0.9254303 | 35 | 25 | 9-5471377 | 10.4528623 | 35 
25 | 9.5220555 | 9.9745251 | 0.4779344 | 0.0254748 | 34 26 95475495 | I0-4524595 | 34 
27 | 945224235 | 549744805 4775795 | $0255194 | 33 27 | 95479430 | 104520570 | 33 
23 1:9.5227311 | $.9744359 0.477218 | 0.0255541 | 32 28 | 9:5483452 | 10.4516548 | 32 
29 | 9.5231323 | $49743913 0.4753517 | 0.5255039 | 31 | 29 | 9$:5487471 | 10.4512529 | 31 
39 | 9452349253 | 949743456 0.4795047 | 02255534 | 30 39 | $:5491487 | 104508513 | 30 
3l , 9-5233518 | 9.9743018 0.4751432 | 0.0256982 | 25 31 | 9.54955920 | 10.4504500 | 29 
32 | 9.324208 1 9e9742579 0.475791I9 | 0.0257430 28 32 9:5499S11 10,4500489 28 
33 | 95245540 | 9.9742122 2.47 54350 | 0.9257878 | 27 33 | $:5503519 | 10.4496481 | 27 
34 , 9-5249156 | $.9741673 24750804 | 0.0258327 | 26 34 | 95507523 | 104492477 | 26 
; 35 $-5252749 | 9-9741224| f 0.4747251 | 0.9258775 | 2g 35 | 9:5$11525 | 10.448847; | 25 
1 = L — -- — 
: UAC Be, 
35 Ge52552C8 | $49742774 0.474372 | 0.0259226 24 f 3s 9-$515524 10.4434475 24 
1 |37| $:5259344 | 9.9742324| | 0.474155 | 0.0259676 | 23 37 | 55099201 204400479 | 29 
| 39 | $.5254387 4 9-9739373 | | ©.4735513 | 0.0250129 | 22 33 | $.5523514 | 14476486 | 22 
: 37 | £.5259927 | 0.9730422 0.4733273 | 00250578 | 21 39 | 9.5529 $04 | 10.4472496 | 218 
' 49 | 945270453 | | 9:9738971 0.4729537 | 9-2251029 | 20 49 | 9-5531492| 10.4468g08 | 20 
; Ee” Hans —_ Ks _ 44; 4 he — 
11:9. 5273997 Orono 2.472503 | 0-2251431 | 19 41 | 9-5535477 | 10:4464523 | 19} 
| 12 | 9:5277526 ; 5..738 57 0.4722474 | 0-0251933 | 18 42 | 9:5539459 | 10.4460541 | 18 
43 | 9.52 281053 | 97375158 24713947 0.026233 5 17 43 9.55434383 10.4456 562 7 
44 | 9-5284577 | 545737152 | | 04715423 | 00252838 | 15 | 44 | $+5547415 | 10.4452585 | 16 
45 | 9-5288009 | 6.5730799 | 0-474 1993 | 0.02632gt | I5 45 9.5551388 10.4443612 | 15 
45 | £.5251514 | 9.935255 | 0.47 03385 | 0.0253745 | 14 45 | 95555359 | 10.4444641 | 14 
#7 | $-5295123 | 6.9735901 | | 0-47 42972 | 6.0264199 | 13 47 | 9:5559327 ! 10.4440673 | 13 
48 9-52c8538 | $.5735345 | 0.47" 1352 | 0-0264554 | I2 48 | 9-5553292 | 10.4436908 | 12 
4” | 9-53"2145 | 5734891 0.49978 54 | 00265109 | LI 49 | 9:5557255 | 10.4432945 | I 
$59 | $.5395550 9:5734435 | ©-4*94350 0.0255565 | 10 $9 | $+5571214 | 10,4428986 | 10] 
ST! 9.530g151 | £5733 980 | 0.45: WP  0.0266020 | 9 ST | $-5575171 | 10.4424829 | 9 
52 | $.5312649 | 9.273352 2.45873 of ng. 8 $2 | 9+55791I25 | 10,4420895 | 8 
53 | 9-5315143 | g 9733057 0.4553 357 0.0256933| 7 $3 | $+5583077 10,4416923 | 7 
4 | 9-931663z | 55732510 0.4580355 | 0.0267390"| 6 54 | $-5587925 | 10.4412995 | 6 
5s | 9:532312z | $.5732152 0.4676377 | 0-0267848 | 5 $5 | $+5590971 | 10.440g029 | 5 
55 9.53256083 | 0.3731504 0.4573392 | 00268306] 4 56 | 95594914 I0.4405086 J 
37 | $.5339090 | 5.5731235 6.4555, 10 | 0.0268764 | 3 $7 | 9-559B854 | 10.4401146 | 3 
53 $.5333559 ! 9.97J<777 © 4566431 0,0269223 2 58 9.5502792 10.43$7208 2 
of |< «5337244 | $.9730318 4552956 | 00269682 | 1 $9. | 9.55061727 1044393273 | I 
0 ic, $5345517 | $.5725858 ©.4659483 | 0.0270142 |} © 60 | 9.56196 59 10.438934r | © 
c— — ; ; — pm—_—p—c il ww... 
| | Fd |} Co-Arith | Sign, fj 4 E---& | Targeme | 
ee ae — T — —  —— 


Degrees 70. 
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Degrees 20. 
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too 


(i 


De >OTCeS 6 g. 
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— — — — 


S Hh Pies» | 


0D 0 DD o Sr: he 
QUWw @Hon O 


MW Db DL [ Þ2 
) © 2 WU of. Wl 


—_ } MW 0D 


OO | 


M. wy. ] '$Sign. L]= Aruh, | | Tangent. | 
© | $.5342517 | 99729858 poriricpd 0.0270142 | 5© * #) $5125 59 19. 4335341 
I | 9-5343985 | 9-9729393 ©.4555014 | 0-0270502 | 59 1 | 9-5514582 | 10.4385412 
2 | 95347452 | 9-9728933 | 04552543 | 0.9271962 | 58 2 | 9-5518515 | 10.4381485 
3 | 9-535091s5 | 9.9728477 | | 4545935 | 00271523 | 57 3 | 95522439 | 19.437756q 
| 4 | 9$-535437s | 9-9728015 0.4545525 | 00271984 56 4 | 9:5925352 | 10.437 3640 
s | $:5357832 | 99727954 | | 2-4542158 | 0.9272445 | 55 5 | 5539278 | 10.4355722 
6 | 9448351285 | 9.9727092 0.4533754 | 0.0272928 | 54 | | 6 | 95534154 | 10.4355846 
7 | 9:5354737 | 9:9725529 0.453525z | 0-0273371 | 53 7 | 9-3533107 | 10.4351253 
.8 4 99725166 0.4531316 | 0.9273334 | 52 | - 8 | $-$542013 | 10.43;5<22 
9 | 9.537162 9.9725703 0.4623372 | 00274297 | SL © 9:5545 I25 | 10.4354075 
IO | 9.537$070 | 9.9725239 | 0.4524930 | 0.0274761 | 52 Io | 9$:5949831 | 19.43<ci5g 
bans 2 ab ng —— h—_ RY a wo 
(21 | $-5378508 | 949724775 0.4521492 | 0.9275225 | 49 rt | 9-5553733 | 19.4346257 
12 | 9.533143 | 949724310 0:45182g7 | 0.927559g9 | 48 12 | 9:3657633 | 10-4342259 
13 | 95385375 | 9-972384g| | 94514525 10.0275 155 | 47 13 | $-5551530 | 12.4338470 
14 | 9.53g8804 | 9.972339 ©.4511196 | 0.02766209 | 45 14 | $-5555424 | 10443234575 
is 9.539230 9.972251 0.467772 | 0.0277036 | 45 ts 9.5559316 | 10.4330534 
i6 | 945395653 | | 93722448 04504347 | 0-2277552 | 44 | 15 | 95573205 | 1044325755 
17 | 95399273 | 99721581 0.4520927 | 0.0278019 | 43 | 19 | 9$:5577<g1 | 11.4322509 
18 | 9.545249 | 9-5721514 0.4597511 | 0.9273486 | 42 ; I8 | 95930575 | 10.4315025 
9 | 9.54905503 | 9-9721047 0.4594997 | 0-0273954 | 41 | 19 | $:5584835 | 19.4315144 
20 hel þ 9-9720579 0.459g0585 | 00279421 | 4© | 25'| $+5588735 | 12.43t1355 
2T. $G-5412721 | 9.97 201019 0.45387279 0.02793g0o | 39 241 | $+5592511 I-.4399 385 
22 9.545125 | 9-97 19542 0.4583874 | 0.28035? | 38 | 22 | 95595434 | 10.4303515 
23. 9e5419527 | 9-97 I9172 0.4582473 | 9223-828 | 37 23 | £+5792355 | 10.4299645 
24 | 9.5422926 | 9.9748793 0.4577074 | 0-0231297 | 35 | 24 9.5794223 | 10.4295777 
25 | 9.542632 | 949718233 0.4573579 | 9-2281757 | 35 25 | 95708088 | 10.4291g12 
26 | 9,5429713 | 949717762 0.4570287 | 0.0232238 | 34 25 | 9-5711951 | 10.4288045 
27 9$.5433103 9697 17291 2.455 6897 0-0232709 23 27 | 9:-5715-11 | 10.4284129 
28 : $e5436489 | 949716820 0.4553511 | 0-0283180 | 32 28 | 9:571955g | 10.4220331 
29 | 9.5439893 | 9-9715348; | 0:4550127 | 0.0233552 | 31 29 | 95723524 | 12.4275 475 
39 | 945443253 | 997158765 0.4555747 | 9-2234124 | 30 30 | 95727377 | 19.4272623 
31 | 9.5445630 | 949715404 @©+4553370 | 00284595 | 25 { 31 9.5731227 | 10.4258773 
32 | 9.545000g | 949714931 044549995 | 90285069 | 23 | 22 | 9$:5735074 | 10.4254526 
33 | 9.54$3375 | $-9714457 044545624 | 2.9285543 | 27 33 | 9:5738519 | 10.4251081 
34 | 9.5456745 | 9-9713984 0.4543255 | 0-0235015 | 25 34 | 9:5742761 | 10.4257239 
T5. | 9.5460110 | 9$+971350g 0.4539890 | 9-2285491 | 25 35 | 9$:5746501 | 10.4253399 
35 95463472 949713935 C.4536528 | 00286955 | 24 36 | 9-5750439 | 10-4249562 
37 | 9.54565832 | 9-9712550 0.4533168 | 0.0287440 | 23 37 | $+5754272 | 19.4245723 
38 9,5470189 | 9-9712084 0.45298 11 | $0287915 | 22 33 | $-5758104 | 10.4241295 
39 : $6547 3542 9.97 11608 04526458 |] 0.028839: | 21 39 | 9+5751934q | 10.4238055 
42 9:5476853. 9-9711132 0.4523107 | 9-2238358 | 20 49 | £:5965751 | 10.4234239 
41 9.5480 o | 99710555 0.451976 | 0-0289345 | 19 41 | 9.57559585 | 10.4230g15 
42 | 9:54835 l 9-57 10178 ©.4516415 | 0-0285822 | 18 > 42 | 9:5773497 | 10.4226593 
43 | 9.5486929 | $-9709701 04513073 | 0-0290299 | 17 43'| 945777225 | 10.4222774 
44 | $.8499266 | 99799223 | | 9:4599734 | 0-2250777 | 15 44 | 9+5731043 | 104218557 
45 | 95493602 9.9708744 0.4505398 | 0.92912565 | 15 45 | $-5784858 | 10,4515142 
_ — | n—— | — 
45 ' 945496935 9.5708 265 ©.4$03c5S5 | 00291735 | 14 45 0-5728659. 10.4211331 
47 | g9.5g00255 9.9909786 0:4499735 | 00292214 | 13 47 | $:5792479 | 10.4207521 
48 9:5$693592 | $+9707306 0.4456408 | 0-0292594 | 12 48 | 9:538g6285 | 10.4203714 
49 | 9.5506516 9.9706826 0.4493084 | 00293174 | 11 49 | 9-58000 go | 10.4199910 
$2 | g9.5510237 9.59906346 ce44859753 | 0-0293554 | 1- $9 9. 5803392 | 10.4195108 
$I | 9.551355 | 9-9705855 | | 0:4486444 | 00254135 | 9 51 | 9.807691 | 10.4192309 
' $= | by 4 9.5705383 Ceq4423125 | 000294517 | - & - 9.5811488 | 10.4188512 
53 95420184 9.9704902 Ce4479516 0.0295098 7 $3 9.58 15282 10,4184718 
54 | 95523494 | 9-57-4419 0.4475506 | 0-0295581 | 6 | 54 | 9.5819074 | 10.4180926 
$5 | 9-5526801 | 9:9703937.| | ©-4473199 | 9-v295053] 5 5 9.582226, | 10.4177135 
55 9-553010g | $:$703454 0-4465205 | 00296546 | 4 55 | 9.53825651 | 104173349 
$7 | 9.5533406 | $-9702970 044465564 | 0.c297:30 | 3 57 | 9.5830435 | 1544159755 
58 | 9$.5535704 | $-9702485 0.44<3295 | C.o257514 |} 3B 58 | g9.5834219 | 10-4155793 
59 9.5539599 | $-$702C02 Co44900CT | Oc 257998 | 1 $9 | $.5837597 | 19» 4152003 
60 | 9.5543292 | $-97e1517 | | 0.445578 | 0.298433 | * © 60 1 g844774/1 10.41 158225 
[7 | - 1 Ce Co. Arith. | Sign. & [ Tangent 


) -w t3 Vw fs 


IO EEO A OA 


mm 


ey” 


0 —_ — — 


y OI TI OT me "FONTS = I PRAL ITY 
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F4 dE Tae ated a ao that 


"y PO, TO 9 OE > IP RAE PIN Ry 


Degrees 21. 


A 
Ce a ns oe A Err — —— — — i 
* — 


j 4, S111. "Ca arich, | | | | I angent. | 
5-6843252 | 95721517 2.4455703 | 0,229848y , 6o | o. $-5841774 | 10.4118226 | 9 
| 1! 95545551 | 9-9 7OI032 OEIIPS 7 GIFPRER { 59 | | 1| 9:5345549 | 10:415445T | 59 
: 4 5:534 .898 | 93700547 C+4452132 | C,0259453 |; 58 | 2 | $.5849321 | 10.4150679 | 58 
3. $$5$3152 | 191990 0.4445343 | 0.0299939 | 57 | | 3 | 9-5853091 | 10.4145go9 | 57 
4 | 965539433 | 95629574 | | 2+$443597 0.039426 $5 | 4 | $:5855359 | 194143141 | $6 
5 | $.$659711 | $+92990-37 0:444-235 | 0.0320913 | $5 | 5 | 9.5850624 | 1944139375 | 55 
6 | 6 5352529 | 9:-39985900 0.4437013 | 00301400 | $4 6 | 9.5864386 | 10-4135514 | 54 | 
| 0.5395239 | 9:99 58112 0.4433741 | 0.0301838 | 53 7 | $.5368147 | 104131853 | 53 
81 9.5559529 | 9: heli 0.4439471 | £.032237sS | 52 8 | 9-5871904 | 10.4128095 | 52 
ol 9.5572795 | 9:3997135 0.4427204 | 0 0302254 | g1 g | 9:3875660 | 10.4124340 | gIþ 
1 | g.5575050 | bs 9535547 0-442394- | 0-2393353 | 5$O 10 | 9:5379413 | 1044120587 | 5o 
—} - | — Pr OY WY y_y OO n. _ 
77 9-55793.2 1 | 99556152 0.4420679 | 0.303842 | 49 | 11 | 9.5983163 | 19-4116837 | 49 
12| 9:55 #2575 $.9595958 2.4.417421 | 2-2304332 | 48 12 | 9.5985912 | 19.4413088 | 48] 
13 '9 5353 35 | $--993177 0.4 414155 | 20304333 | 47 13 | 95890657 | 194109343 | 47 
14|9 $62928 2} | 9:9994537 ©.4412512 | 2-0305313 | 45 14 | 55394401 | Io.qIog5g9 | 46 
my 95592332 9$-355994196 9.44-7552 | C-03058-4 | 45 15 | 95398142 | 10.4101858 | 45 
1 ;|9 2505585 | $-9593704 0.4424415 | £-0306295 | 44 15 | 9-5901881 | 10.4098119 | 44 | 
| 9. .$5599829 3-95 53212 0.4401171 | 0.2305788 | 43 17 | 9 5505617 | 1944094383 | 43 
| 2:5502071 | 99592720 044357929 | 0.0397280 | 4z 18 | 95909351 | 19:4990649 | 42 
lg <55-5310 9.9992227 0.4394992 | 90307773 | 41 19 | 9:5913-82 | 194086918 | zz 
20 | $.5-08545 | 949591734 0.4391454 | 0.0328266 | yo 20 | 9 5916812 | 10-4083188 | 40 
21 | 0.5511779 | 99691241 0.4332221 | 00308759 | 39 21 | 9.59204539 | 1944979461 | 39 
22 | 9.5615012 | 9-9550745 0.4334950 | 0.0309254 | 38 22 | 9:5924263 | 194075737 | 38 
23 | g-5618237 | 9 9590252 0.4381753 | $.0399743 | 37 23 | $-5927985 | 194072015 | 37 
24 | 9.5521452 | 99689757 0.4378 538 | 0-0310243 | 35 | þ 24 | 9-5931795 | 10+4068295 | 36 
5 | 9.5524585 | 9-9539262 c.4375315 | 0-0310733 | 35 | 25 | 9:5935423 | 194964577 | 35 
25 | 9.5529904 | 9.9538765 | | 04372095 | 0-0311234 | 34 | 26 | 9.5939138 | 19-4050862. | 34} 
27 | 9.5531121 | $-95388270 0.4358879 | 0-0311730 | 33 27 | 9.5942851 | 19:-4957149 | 33 
3 | 9.5634335 | 9-9687773 0.4365565 | 2-0312227 | 32 28 | 9.5945561 | 19-4953439 | 32 
29 | 9.3537545 | 9-9687276 0.4362454 | 00312724 | 31 29 | 95950269 | 19-4049731 | g1 
3 | 95545754 | 9:9685779 0.4359245 | ©-0313221 | 39 39 | 9-5953975 | 19:4946025 | 30 
z! | 9.5643950, | $.9536281 0.43559240 | 00313719 | 29 31 | 9-3957679 | 19404232 | 29 
32 | 9.5547 153 | 9-9585733 | * | 0.4352337 | ©-0314217 | 28 ., | 32 | 9-5961380 | 10-4038620 | 28 
33 | 9.5550353 | 9.5585284 | | 0.4349537 | ©-0314716, | 27 1 33 | 9-5965079 | 19-4034921 | 27 | 
3 | 9:5553561 | 9.9584735 0.4345439 | 0-0315219 25 34 | 9$-5968776 | 104031224 | 26 
[35 | $:-5655755 | 9-9584285 0.4343244 | 22315714 | 25 } 35 | 9:53972470 | 10-4927530 | 2g f 
> | e—————y } prr—— ——_— — —— } — þ} —  —_— ; — 
39 | 9.5559948 | 99583736 -4342052 | 0-2316214 | 24 36 | $:5975162 |} 10:4023838 } 24 
$7 | 9.5563139 | 9:-9683285 0.433563 | 0.0316715 | 23 37 | $:5579852 | 194920148 | 23 
3s | 9.5565324 9.55827%4% 0.433357S | 9-0317a16 | 22 38 | $.5983540 10,4015460 22 
i9 | $-5559508 | 99582283 0.4339492 | 00317747 | 21 | | 39 | $:5587225 Edeyavwantdke 21 
i | 9:5672689 G-9681731 0.4327311 | 00318219 |'20 } 40 $59g0908 10.4009092 | 20 | 
q; | 6.5575853 | 5.56381279 | | 04324132 | 00318721 | 19 41 2:5994688 10.4905412 | 19 
2 | 9.55790 44 9.963097? 0.432-956 | 0.0319223 | 18 42 | 95558267 | 19.4501733 | 18 
43 | 9.5682217 |; $9.5630274 C-4317783 | 0.:319726 | 17 1 43 g9.6001943 | 10-3-$8057 | 17 
4 | g.35685387 yi 0575771 044314513 | 0-032022g | IG | | 44 | 55005619 | 10.3c<94383 | 16 
45 | $-5588555 | $-$679267 0.4311445 | 0-0320733 | 15 45 | 9-600g289 |} 10-3090711 | 1g 
"NY —_ | — «. - — —_ ——_— — 
| g. $691721 | $6.95 78753 c.43<8279 | 00321237 | 14 45 | 9.60129 58 | 10.398704T | 14 
# | 55694583. 9.9678253 | | Ce4305117 | ©-0321742 | 13 47 | 96016625 | 19-3983375 | 13 } 
$.3658cq3 | $4.9677753 0.4301957 | 0.0322247 | 12 48 | 9.6020290 | 10.397971O | 12 
4s 4 $7012C) | $:5677247 0,.42588c0 | 0-0322753 | 11 49 |} 9.602393 10.3976047 | 11 
j0 | g.5704355 | $.9675741 0.4295555 | 2-0323259 | 10 50 | 9.5027613 | 103972387 | 10 
$.5707806 | 9.5676235 0.4292494 | 0-0323755 | 9 g1 | 9,6031271 | 10.3968729 | 9g | 
| 9-5710656 | 9.96757 2% 0.428 9344 | ©-0324272| 8 | 52 | 96034937 | 10-3955073| @} 
3 9$.5713802 | 9.9575221 c.4285198 | 0.0324779| 7 | 53 | 9.6038581 | 10.3561419| 7 
"$4 | $.5716945 | 9.9674713 | | 0.4283054 | 0-0325287 | 6 | | 54 | 96042233 | 10-3957767 | 6} 
55 | 9.5720087 | $.5674205 0.4279913 | 0-232579S| $ 55 | $-6045882 | 10.3954118 s] 
55 | 95723225 , 9.9673697 0.4276774 | 0--326303 | 4 ' $5 | 9.549529 | 10.3950471 | 4 
$7 | 9.5725352 | $.5673188 0.4273538 | £.0326812| 3 $7 | 9.6053174 | 10.3946826 | 3 
53; $.57920495 | 9.9672679 0.4270505 | 0.032732L | 2 | 583 | 9.5056817 | 10.3943183 | 2 | 
$9 | $.5732525 $g.g6721559 0.4267 374 | 9,0327831 | 1 $9 | $.5060457 | 10393903 I 
60 | 5557357564 9.9671659 0.4264246 0.032234 | © 60 1 9.60640g6 10.3935904 o| 
| | | {| Co. Arith. {Sw $4 | | | Tangent, | 


——— — n Fl _ WY h— —_ 
——— my" 
md —— C— I — D— 


Degrees 68. 


IM. 64-4 Sign. Fx «my 
© | $.5735754 | 99571659 0,4254245 | 0.2328 341 
-4 (9: 5733830 | 5.9571143 0.4251129 | 9.03238852 
2 | 9:5742993 | 9-9579537 Ce4257997 | 040329393 
3 9-5745123 9.9570125 0.4254877 | 0.9329375 
4 | 9.5943249 | 9. 659514 0e42517 59 0.9330335 
5 | »+5751355 | $-9555101 04243644 | 0.0339399 : 
6 | 9.5754458 | 9.553588 0.4245532 | 9-0331412 
7 | 945757 573 | 9:9568075 0.4242422 | 0.9331925 
8 | 9.576958 | 9.9557562 0.4239315 | 90332439 
> | 9:5753790 | 9-9557043 | | 9:4235210 | 00332952 | 
10 | 9.5756892 | 9.9555533 0.4233198 | 0.0333457 
11 | 9:576599t | 9 9655018 0.4230009 | 9.2333982 
12 | 9-4773083 | $.9555g03 0.4226g12 | 9-933445P 
13 | 9-5775183 | 99554987 054223817 | ©.03Z5213 
14 | 95779275 | 99554471 ©0.4220725 | 0-0ZJ5529 
15 | 95732354 | $:955 3954 0.421753s | 00335046 
15 | 945785459 | $-9563437 0.421455) | £+0335553J 
17 | 95783535 | 9:9552920 0.4211455 | 0-2337080 
18 | 9.5991515 | 99652402 0:4298334 | 9-0337593 
Ig | 9$.5794595 | $.9651834 0.4295305 | ©-0333116 
20 | $.5797772 | 9.96S1365 0.4202223 | 0.03385635 
21 | 9.5800845 | 9.55660845 ©0.4199155 | 0-0339154 
22 | 9.5303917 | 9.9650325 0.4196083 | 0.0339574 
23 | $-5806985 | 9 9659805 F | 04153014 | 20340194 
24 | 95810052 | 9.9659285 | | 09189948 | 00340715 
25 | 9.5813115 | 9$.9558764 | 0.4185884 | 0-0341236 
25 | $.5815197 | 9.9658243 |} | 04183823 | 0-0341757 
27 | $-9819236 | 9.9557721 0.4180764 | 9-0342279 
28 | 9.5322292 | 9.9657199 | 0.4177708 | 9-034280r 
29 | 9:5825345 | 9-9555677 0.4174555 | $:034332J 
3> | 95828397 | 9-9656153 0.4171603 | 9-0343247 
31 |,9+3331445; | 9.96 55530 0.4163555 | $:-9344379 

132 | 9-583449t |9.9655105 } | 0.415505 | 90344894 
33 þ 95837535 | 99654582 04152455 | 20345418 
34 | 9-53840575 | 9.9654057 C41 59424 | 9:0345543 
35 | 9-5843615 | 9.9553532 ©.4156335 | 90346468 
35 | £-384555r | 9.55g3006 | | 04153349 | 9:2346994 
37 | $-5849685 | 9.5652480 C.glSozls | 0-0347520 
33 | 95852716 | 9.9651953 | | 04147284 | 9-0348047 
39 | 5:55 55745 | 9-9551425 0.4144255 | 0-0348574 
4> | 9 5858771 | 99650899 0.4141229 | 0.0349101 \ 
41 | 9.5861795 | $.5s 650371 0.4133205 | 0.0345929 
42 | 9.5954816 | $.5549843 04135134 | 0.0350157 
q3 | 9.5867835 | 9.5645314 Caq132165 | 0,235c686 
44 | $-587c851 | 9.9548785 0,4129149 | 00351215 
45 | $-5873865 | $.5648255 0.4126135 | 00351744 
45 | 9:-5396875 | 5.96477:6 | | ©£-4123124 | 0.0352274 
47 | 9.5879885 | 9.56471595 ciql201ls | 00352805 
48 | $.5882?%gz | 5.954556 5 0.4117108 | 0,.0353335 
49 | 9:5885895 | g.9645133 04114104 | 00353867 
50 | 9-5888897 | 9.5645602 0.4111103 | C.0354398 
s1 | 9:5891899 | 9.5645 69 0.4168103 | 0.0354531 
52 | 9-5894893 | 9.5544537 0.4105107 | £.0355453 
53 | $-58973388 | 9.9544004 C.4lo2112 | 00355 95 
54 | 9:5900880 | 9.9643470 ©.4099120 | C0356 530 
5s | 9-5903869 | g.56429J7 0.456131 | 0.£357053 

| 55 |} 9-5925856 | 9.564240 0.4093144 | ©-©£357598 
57 | 9.599c841 | 9.55413 0.400159 | ©:Cc358132 
58 | 5.552823 |9.9541382 ©,4 $7177 | 00358668 
$9 | $:4591580J* ; $+5640797 0.4084157 | Oc3Z552C3 
62\ £-5918780 | 5.9640251 ©,4031220 | G:©35Gg739 

j | | Co. Arith. { Sign. 


Degrees 23. 


PR——_— 
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II. 


—  —— ———— 
' 


© | 


Tangent. 


| £ $064095 
0.5057732 
3.9271355 
5:574997 
9.5078527 
9.582254 


9.6085330 
$.6-89503 
$.5093124 
9.50.5742 
9.5 100353 


| 


19.3935g0F 


10.3932263 
10.3923534 
10.3925903 
1243921373 
1-.2917745 
I0.3914129 
19:43910497 
10.34905875 
10.3303258 
19.385g641 


— | —— 4 « ———— 


9.6193973 
Ge98c 7525 
9.6tt1195 
g 61143094 
9-511840z 


96122013 
9125615 
9.6129214 
9.6132812 
9 $135407 


9.5 14-000 
9.5143591 
9.5147180 
9.5159766 
9.515435! 


— 


9.6157934 
$9.615I514 
9.5165093 
9.6168669 
9.5172243 


S— 


9.5175315 
9.6179385 
9.5182953 
9.6185519 
9.56 190083 
$.6193545 
9.5197205 
9200762 
9.5204318 
9.5207872 


9.6211423 
9-6214< 73 
$9.5218520 
Co6222066 
9.6225509 


9.622$150 
9.623260 
9.623227 
945239763 
9.6243295 


9.6246827 
9.6250356 
9.6253884 


9.6257 409 
C,6 250532 


10.3896027 
-m 3892414 


. 3888804 | 


deter 
10.33815g1 


7 


| 45 
| 45 


10.3877597 | 4 
10.387 4385 | bo 


= 


10.3870786 | 42 
10438671883 | 41 


10-3863553 | 40 | 


10:3860000 
10.38 56409 
10.3952820 
Ic.3845234 
10.3845649 


10.39 42066 
10.3838435 
T0.38 34907 
10.383133! 
10.3327757 
10.3924185 
10.382c615 
10.3817047 


10.3813481 | 


10.3809917 
10.3906355 
Icu3802795 
10.3799238 
10.3795682 
10.3752128 


10.3788577 
lo.3 85027 
109.378 14to 
1943777934 
103774391 


10.37708 50 
10.3767310 
10.3703773 
10.3760237 
10-3756704 


=O 


103753173 
10.3749644 
10.3745116 
10. 3742591 
10.3735c68 


m—  _—————_ 


10.3735545 


10.3732029 |_ 


10.372850g 
1C.3 24954 
10,3721481 


—_ 


— 
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Degrees 67; y 


—_ OA A 1 A AAA A TO AY AE A Io ; 
"y w——* # 


Degrees 2 3- 


pM. Sign Co. Ari, | Tangenr. | 
"I, pc aA Ns ED EAMPE 2, 
C Jes 24 -201 e458 1220 | 0.03397 39. z ( 9 9278519 } 10.372148L | 6 
ti 9.9321755 35724 <e4073 245 3995275 1 | $.5:82031 | 10.3717959 
| 2 | 9.392478 39187 V4 75272 350613 | 9.9285540 | 10.3714450 
ES {859275 32559 0.4972322 |-0.035L350 | 9.523048 | 19.3710952 
| 4 94593929 633112 ©+4929334 } 0.23518928 | 9.5292553 | 103707447 
$1 $+$$335 31 2537574 0.455359 | 0.0352425 9.5295057 | 10.3703943 
OUR pens), oo, ——_ c— 
Fi $935554 [9 537035 0.4053475 | © WIR 964 | 9.62905 58 I 2.3700442 
" 1945935535 | $e33,04909 0.405045 1.03535: +] | 9.53030583 | 19.3598942 
| 81 9.5542513 | $+9335957 0.457437 0.935404 9.6306556 | 10.3593444 
3 | 0.554549 | 9-9235417 9.454531 © S3b 5 9.631002 | 10.3589943 
I. $.5943422 9:9534877 0.4" 51578 | 0.036512 9.5313545 | 193586455 
111; 955951373 | 9 9934335 0.4249527 | 9.0355554 9.5317037 | 19-3682963 
[18 | 95954322 | 233795 242459783 | 9.035920g 9.5320527 | 19:3679473 
[13 | 9:5957298 | 9.633253 0.4042732 035 3747 9.632401g | 19.3675985 
[14 | 9 5990212 | 9.993271 0. 4239738 | 0.0357285 9.6327501 | 1043572499 
[15 | 95983154. | 99632168 -4 35845 | 0.9357832 9:5330985 | 10.356go1s 
WB | mm —— — — __ 
{16 | | 9.599093 | $+9531525 0.4 233 $07 0358375 9.6334458 | 10.3565532. 
[17 | 95969932 | 9-9531-82 0.4930970 358918 9 5337948 | 19:3562052 
18 gs +$37 1955 | 9.9530533 2.4028035 | 0.0369452 96341425 | 109:3658574 
ily | 95974997 | $+9929594 0.492510J | 0,0370006 9.6344903 | 10:3655097 
20 | 9-597 7827 | $95 29445 0.4922173 | 0.0370581 95343378 | 10.3551622 
n | 95580754 9.5523904 0.4019245 | 00371095 9.6351350 | 19.3648150 
TY (5-59 /83575 | 9.9528358 0.4015321 | 0.0371542 9.5355321 | 19-3544579 
23 | $-5985002 | 9 9927812 0.4013353 | 0.0372183 9.6358790 | 10.3541210 
24 | 9:5989523 | 99627255 0.410477 | 00372734 9.5362257 | 1043637747 
25 | $:5399244 1 | 9.9526719 £.4997559 | 00373231 9.5365722 | 10.3634278 
26 | $:5995357 | 9:9625172 9.40904 343 | 0-9373828 9.636918g | 10.3530815 
27 | $.5998270 | 9.96255 24 0.4001 730 | 0.0374376 9.6372646 | 19.3627354 
28 | 9.6001181 | 9.9525078 0.3593819 C,0374924 9.6376106 | 10.3523894 
29 |,9.6004090 | 9.9624527 0.3995910 | 0-0395473 9.6379653 | 19.3520437 
30 | 9-6006997 | 9.9623978 0-3$93-03 | 0.0376022 9.6383019 | 19:3516g81 
zl | 9.65009901 |$.9523428 0.3990099 | 00376572 9-6336473 | 103513527 
32 | 96012803 | 99622878 0.3987197 | 20377122 9.5389925 | 10.3610075 
33 | 9-6015703 |.9.9622328 0.3584297 | 00377672 9.6393375 | 10.3506625 
34 | 9.6018500 |-9,9621977 0.3981400 | 0.0373223 9.6395823 | 10.3503177 
35 | 9-56021494 | 9.952122 0.3978505 | 00378974 9.6400259 10.3599721 
$$ | 9.6024338 | 9.9620974 - 0.3975512 | 00379326 $9.5403714 | 10.3596286 
$7 | $.6029278 | 9.9620122 £.3972722 | 00379298 9.6407155 | 10.3592844 
38 | 96030166 | 9,9619559 0-355:834 | 0.0380431. 9.5410597 | 10.3589403 
39 | 9-6033052 | 9.95190 16 0.3955 948 | 0.0380984 9-6414-36 | 10.3585964 
4 | 96035936 | $-9613453 0.3954054 | 0.0381537 96417473 | 10-3582527 
41 | 9.6038817 | 9.5617909 0.3951183 | 0.03820g91 | 19 9.5420908 | 10.3579092 
2 | 9.6041696 | 9.9517355 0.3958304 | c.0382645 | 18 96424342 | 10.35756558 
B| 9.6044573 | 9. $515800 Ce3955427 | 0.0383200 | 17 96427773 | 10.3572227 
44} 9.6047448 0.9616245 043952552 | 0.0383755 | 15 0.6431303 | 10.3568957 
45 | $:6050320 | 9.561563g 0.3949980 | 0.0384311 | Is 9.6434631 | 103565369 |' 
{5 | 9.6053150 | g.9615133 c.3945810 | 0.0384967 | 14 96438057 | 10.3561943 
N | 95056057 | 9.9514576 0.3943543 | 00385424 | 13 9.6441481 | 103558519 
48 |'9.6058923 | 0.9614-20 0.3941077 0.038 5980 | 12 9.6444903 | 10.3555099 | 
49 | 9:6061785 | 9.9513453 0.3938214 | 00386538 | 11 9-6448324 | 10.3551675 
j0 | 96054647 | 9.9612504 0.3535353 | 00389596 | Io 9.6451743 | 10-3548257 
1] 9.6067506 | 9.9512345 0.3532494 | 0-0387554 | 9 9.6455160 | 10.3544840| 9 
52 | 9.6070352 | 9.9511787 0.39296538 | c.0388213} 8B 9.6458575 | 10.3541425| $8 
$3 | 9.6073216 | 9.95 11228 0.3626784 | c.0388172| 7 9.6451588 | 10.35380i2 | 7 
54 pony | 9.96 10558 G.3523932 | ©-c385332 | © 6 9.6465400 | 10.3534600 | 6 
$5 | 96078512 | g.c610108 0.3:21c82 | o-38999g2]| 5 $.6468819 | 10.3531190 | 5g 
— t nt | cums | as —_ L_ mm_mm_m—_ -  — — 
56 | 9.6081765 , $.3609548 0.3918235 | 0.0350452| 4 96472217 | 1043527783 | 4 
$7 | 9.608461 1 | 9.9508587 0.3915389 | c-o3gIoI3| 3 7 | $-6475524 | 1043524376 | 3 
58! 9.6087454 | | 9.9508426 0.3912545 | 003g1574 | 2 9.6475028 | 10.3520972 | 2 
$9 | $-5090294 ; c.9607854 | | 0.3509705 | 00352135 | 1 | 5:6482431 10.3517569| x 
50 \ $.6093133 | 9.9607302 0,3906867 | 0.0392558 | © 9.6485831 | 10.3514169| © 
| | | Co. Arith. { Sign. { Tangent. 


Degrees 66. 


- 


| Degrees 24- 


NE ww 
| Sign. _ mo | | | | mo | wir” 
© | 5.5033133: 9-99-7302 15 6th hope 60 a; o.6485331 — 
1 | 9.5095359  9$-9505739 9.3924231 | ©-0393251 | 59 1 | 9.6489230 | 19.3510770 | 501 
2 | 9.598203 | 99525196 0.39 L197 | 9.9393324 | 58 | 2 | 9.5492528 | 10.3509372 | 58} 
3 | $.5t01635 | 9:9505612 0.3898355 | £:9394332 | 57 3 | 96436023 | 10.3503977 | 57 
4 | 5:5104455 | $-5605048 0.389553 | 92394952 | 55 4 | 9-5499417 | 10.3500583 | 56 
5 | 5-51-7293 | 5$-9504434 0.3392707 | 0-0395515 | 55 s | 95502809 | 19:3497191 | 55) 
6 | 9.5110118 | 9:9503919 0.32835882 | 90395081 | 54 6 | 9.65 6169 | 19-3493821 | 54 
7 | $+511294t | 9:9603354 0.383 7059 | 9:-2395545 | 53 7 | 9-5509587 | 10-3499413 | 53 
8 | 9.5115762 | 99502788 0.3384 238 | 9-2397212 | 52} 8 | 9.5512974 |. 10.34$7025 | 52 
9 | 9.6118580 | 9-9502222 0.3881420 | 99397778 | 51 9 | 96516359 | 19.3483541] 51 
10 | 9.5121397 | 9:55601555 0.3878503 | 2-2393345. | 50 to | 9.5519742 | I-3489258| 50 
11 | 9-6124211 | 99601088 0.3875789 | 9-2398912 | 49 11 | 9.5523123 | 19-3475877 | 49 
12 | 9.-5127023 | 9-9590530 0.3872977 | $-2395480 | 48 | | 12 | $.5526503 | 19:3473497 | 48 
13 | 95129833 | 95999952 0.3870157 | 00400048 | 47 13 | 9-5529821 | 103470119] 47 
14 | 95132641 | 9:9599384 0.3267359 | 2-24-0515 | 45 14 | 9:6533257 | 10-3465743 | 46 
15 | 9-6135445 | $-9598815 0.3864554 | 22421185 | 45 15 | 9:5536531 | 19:345336g | 45 
15 | 9.6138250 | 9:9598245 0.336175 | 9491754 | 44 16 | 9.6540004 | 19:3459595 | 44 | 
g9.6141051 | 99557575 0.338 539459 | 2-0492324 | 43 17 | 95543375 | 12:3455625 | 43 
9.6143850 | 9:9597105 0.3855150 |-2-9402894 | 42 18 | 9-6545744 | 193453256 | 42 
$.6145647 | 9-9595535 0.3853353 | 92-9493455 | 41 19 | 9.6550112 | 10-3449888 | g1 
9.6149441 | 9:9 595964 0.3850559 | 9-2404935 | 4© Go 9 55223477 | 19:3445523 | 40 
| $-6152234 | $:9595393 0.3847755 | 9-04"4507 | 39 21 | 9.6555341 | 103443159 | 35 
9.6155024 | 9-9594821 0.3844575 | 90405179 | 38 | 22 | 9.550204 | 193439795 | 38 
9.6157812| 99594248 0.3842188 | 0.0405752 f 37 | 23 | 9:5563564 | 193436436 | 37 
9.6 160599 | 9$+9593575 0.3839401 | 0-0406325 | 36 | | 24 | 9-5566923 | 1043433077 | 36 
9.6163382 | 9$-9593102 ©.3836618 | 2.04068983 | 35 : 25 | 9.6570280 | 10.3429729 | 35 
9.6166164 | 9-9592528 | | 9:3833835 | 9-0497472 | 34 | | 26 | 9.6573636 | 10-3426364 | 34 
9.6168944| 995919 54 0.3831056 | 0-0408046 | 33 27 | 9.6576989 | 19.3423011 | 33 
9.6171723 | 9.9591380 | | 2-3828279 0,0408620 | 32 28 | 9.5580341 | 19-3419659 | 32 
9.5174496 | $-95g080g 0.3825504 | ©0409195 | 31 | 29 | 9.6583692 | 10. 3416308 |. g1 
9.61979270| 9-9590229 F | 0-3822730 | 90409771 | 30 30 | 9.6587041 | 19-3412960 | 30 
96180041 | 9.95359653 0.3819959 | 0-0410347 | 29 31 | 9.5590387 | 10-3409613 | 29 
| 9-6182809 |. 9.9589077 0.3817191 | 0410923 | 28 32 | 9.5593733 | 10-3406267 | 28 
9.5185576 | 9.95838500 0.3814424 | ©-04rigoo | 27 | | 33 | 9.6597076 | 103402924 | 27 
9.6188341 | 9.9587523 | | ©-3811659 | 00412077 25 34 | 9.6500418 | 10.3399582 | 26 þ 
9.6191103 | $-9587345 0.3808897 | 004taS5s | 25] 35 | 9$-6603758 | 10-3395242 | 25} 
$.5193864 | 9-9586757 | | 03806135 | 0-0413233 | 24 36 | 9.6607097 | 19.3392903 | 24 
$.6196622 | 9.59535 288 ©.3803378 | 0.0413812 | 23 37 | 9-6510434 | 103389556 | 23 
$.6199378 | 9-958 5509 0.38c0622 | 9-0414391 | 22 38 | 9.6513769 | 10.3386231 | 22 
66202132 | 9:-9585030 0-3797868 | 0.0414970 | 21 39 | 9.6517103 | 10.3382899 | 21 
96204884 | 59584450 0.3995115 | ©.0415550 | 20 40 | 9.6620534 | 109-3379565 | 20 
$9.6207634 | $-9583865 0.3752366 | 00416131 | 19 41 | 9.6623765 | 109-3376235 | 19 
96210332 | 9.5583288 0.37895r8 0.0416712 | 18} 42 | 9.66270g3 | 103372907 18 
9.6213127 | 9:5582707 0.3786873 | 2-©417293 | 17 | 43 | 96530420 | 19-3369580 | 17 
9.6215971 | 9.9582125 ©,3784129 | 00417875 | 16 44 | 9.6633745 | 19-3365255 16 
9.6218612 | 9.5 581543 0.3781388 | 00418457 | 15 | \ 45 | 9.6637069 | 10-3362931 | 15 
woes verily po 9 Ep Rf wn NOTONE —- 
96221351 | 5.9580561 0.3778649 | 0:0415039 | 14 46 | 9.6640391 | 10-3359609 | 14 
$H224088 | 9.5580378 043775912 | 00415622 | 13 | - 47 | 96543711 10.3356289 13 
9.62268 24 | $-9579794 0.3773196 | 0.0420206 | 12 48 | 9.6647030 | 19-3352970 | 12 
9.6229557 | $-9579210. 0.3770443 | 2-04207g0 | II 49 | 9.6650345 | 103349554 | 1! 
9.6232287 | 99578526 0.3767713 | 00421374 | 10 | 50 | 9.6653662 | 10-3345338 | 1? 
9.6235016 | 9.9578041 0.3764984 | 00421959 | 9 51 | 9.6656975 | 10-3343925 | 9 
9.5237743 | 9:9577456 0.3762257 | 0422544 | 8 | 52 | 9.6660288 | 10-3339712 | 8 
9.6240468 | 9.9575870 C.3750532 | 00423130 | 7 | 53 | 9.656359 | 10-3335402 | 7 
9.6243190 | 9.957628 4 0.3759810 | 0.0423716 | 6 54 | 9.666907 | 10-3333093 6 
96245990 | 9:9575697 0.375408g | 00424303 | 5 55 | 9.6690214 | 10-3329785 | 5 
| 9.6248629 | 9.9575110 0.375137k | 0.424850 | 4 | 56 | 9.6673519 | 10-3325481 | 4 
9.6251345 | 9-$574522 0.3748654 | ©-0425478 | 3 | 57 | $.6696823 | 10-3323177 | 3 

9.6254060 | 9.9573934 0.3745940 | 0-0426065 | 2 , 58 | 9,6680126 10.3319874 | 2 
$.6256772 | $.9573346 0.3743228 | 0.426654 | 2 59 96683426 | 10:3310574 T1 
| $.6259483 | 9.9572757 0.3740517 | C-0427243 | © 60 | g.6686725 | 1043313275 | © 
| | | Co. rith. { Sign. | | F=4 [- Tangent. | | 


Degrees 65 


Degrees 25. 


Tanzenr, | 


© —— C— 


Sign. Co. Aricit. 


_ OR 


p 


A —— CSCDOCC————————— — 


PvE 


4H 9.5254433 19-9572157 0.3740517 | 0.042724 50 | 9.563572 5 | 10.331327g &o 
| {96262191 | 9-9 72168] [9.3737809 | 0.0427832 | 55 | 9.6650023 | 10.3309977 559 
2i 9.5264837 | 9157157) 0.373510 | 0.428422 | 58 $.5533319 Io 3305581 , 58 
; |9.6257601 | 9-957-983] 1 9-3732359 | 92425012 [57 | 9.696513 | 10.3303387 *.57 
4 19.6270393 | 3:5572397 0.37 29697 | 0.042903} 55 9.6655 306 | 10.3300294 $5 
 |9.6273003 3.9 569805 0.3726997 | --2439194 | 55 9.5703197 | 10.325680z 55 


9.6706485 | 10.3293514 54 
9.5709774 | 1.93290225 ; 83 
$.6713090 | 12.3285540 «2 
9.6716345 | 10.3283655 | 51 
9.6719628 | 10,32803-2 54 
5.5722510| 10.3277050 45 
$.5725150| 10.3273810 48 
$.6725468 | 10.3270532 45 


9.6275701 | 9-95992'5 0.3724293 | 9-2439785] 54 | 
9.5278 ;97 | 99598623 03721003 | 0.9431377 | 53 
9.628109c | 99508030 0.3718910 | 0.043197C| 52 
9.6283732 | 9:9 567437 | | 9-3716218 | 0.0432563|[ 51 
9.6235472 | $-959684z 0.3713528 | 0.-4331$6| 52 


O oO a © 


— 


YO CC—_—— > CY RO o—_— — PRIOR 


9.6283160 | 99595250 c.3710840 | 0.9433750| 49 
9.5291845 | 9:9555955 0.3708155 | £-2434344 | 48 
9.5294529 | $:3565001 0.370547 1 | 0.9434939 | 47 


= Ew ow wGawdes)l 


w 


IH 

12 

» 0.529721 | 95554465 | | 9.3792789 ! 0.9435534 | 45 14 | 9-07 32745 | 19:3267255 45 
is |9.520929- c.3563870 0.370-110 | 2.0435130 | y5 15 | 9.6735020 | I10.3263980 45 
1619.5302568 | 5+2553274 0.3697432 | 9-0436726| 44 15 | 90739294 | 19.3260706 44 
17|$.5305243 | 99554678 | { ©-3694757 | 0.0437322 | 43 17 | 92742565 | 10.3257434 43 
18 {9.6307917 | 99562031 0.3592033 | 0.0437919| 42 18 | $-6745336 | 10.3254164 42 
19] 5.6310589 | 9-9551483 0.3989411 | £.0448517 | yi 19 | $-574910s | 10.3250855 
2019.6313258 9.9550386 0.3585742 | 0.04391 4| go 20 | 9-6752372 | 10,3247628 4 
1 [9.6315926 } 949562237 0.3584074 | £24397 13| 39 21 |9.5755538 | 10.3244362 3 
12|g.6318591 9.955958dy 0.3581409 | 0.04403Z1I1I | 38 22 | 9-57 58503 | 10.3241057 
2319.6321255 | 94955 5933 0.3678745 | 0.9440g11 | 37 3 | 9$-6762165 | 10.3237835 

14 [96323916 | 99558450 | | 03576034 | 0.04415T0] 35 24 | 9-5765426 | 10.3234574 
1519.6326575 | 9:9 557890 0.3673424 | 0.0442110 | 35 25 | 55768685 | 10.3231314 

cw : —_ — | —  ______GP 
2619.5329233 | 9:9557 «89 0.3510767 | 0.0442711 | 34 26 | $.5771944 | 10.3228056 | 
111 6.6331839 | $:9556588 | -| 0.3562111 0.0443312| 33 27 | 9.6775201 | 10.3224799 

[28] 0.63345 42 | 9:3556087 0.3555458 1 0.9443313] 32 28 | 9.677846 | 10.3221 544 
2919.6337194 ©.9455485 0,3992806| 0.0444515 | 31 25 9.678170g 109.32182g1 
P|9.63398.44 9.955488 2 0.366c1 56; 0.0445118| 30 30 | 9.6784561 | 10.321503g9 , 3 
31|9.6342491 | 9-9554280 | | 0.3657509, 0.0445720 | 25 31 | 9.5788211 | 10.3211789 
2119.5345137 | 9-955 3976 0.3554853 } £.9446324 | 29 32| 9.5791459 | 10.3208540 |, 

-31 9.63477 80 | 99553073 | 0.3652220 | 0.0446527 27 | 33 | $-57947c8 10,3205252 ; 
$8|9.6350422 | 9-95 52469 0.3649578, £.0447531] 25 34 | 9:2797953 | 10.3202047 | 25 
$5] 9.535 3062 9.945186, 0.36469, 8 , 0.9448135 25 35 | 9.58011g8g | 10.31Gg8802 , 25 
_ = _ |. co — On ——_ ; | 
$[9:5355599 | 9:9551259 | 1 0.3544301 j 00448741 [ 24} 35 | 9-5804440 | 19.3155 560 7 
719.6353335 | 9:-9530653] {| 0.3641665 , 0.9449347 | 23 37 | 9:5807582 | 10.3192318 | 23 
8[9.6360959 | 99550047 | | 0.3639931 | 0:0449553| 22 38 | 96810921 | 10.3185079 | 22 
191 9.5353501 | 9-9549441 0.3635399 | 9-2450559 | 21 35 | 96814160 10.3185840 | 21 
$0[9.6365231 | 9.954583} 0.3533769 | £.0451 166 | 20 go 9.6817395 10.3182604 20 
g” ” 7; mo 2 _— 
U[9.5358859 | 59548227 { ©,3531141 0.2451773 | 19 41 9.6820632 10,3179368 | 1c 
$219.6371484 | 99547619 0.3628516|©0.0452381 | 18 42 | 9-5823865 ! 10.3175135 | 1 
619.6374108 | 9-9547011 | | 0.362589: | 0.0452989 | j7 43 | 9-6327058 10.3172502 | 17] 
4 (9.5376713 | 9-9549402 | | 0.3523269 | 0.9453598 | 16 44 | 9-5339328 10.316g672| 16 
195379351 |$-9545793| | ©-3520645 | 0.0454207 | 15 45 | 59333557 , 10.3166433 15] 
$5] 9.6381969 | 99545184 | 0.3518032 0.0454815 | 14 | 45 | 9-5836785 | 10.3163215 | 14 
196384585 | 9:9544574| | 0.3515415 |0.2455426| 13 47 | 9.054001 | 10.3155589 | 13 
[9.5387 199 | $-3543953 0.3512801 | 0.0455037 | 12 48 | $-6843236 | 10.3156764 | 12 
41 9.5329812 | $-9543352 c.3610188|c.2456648| 11 45 | 95346459 | 10.315354l | 11 
j019.635242 2 | 99542741 0.35-7578 | 00457259] 10 50 | 96845681 | 10:315c319 | 1c 


C— * 


Fo 4s 3 be Od: 


5 1 | 9-E85290l | 10.3147099 


51}9.6395930 | 9$-9542129| | 0.3604970 | ©£.0457871 
52 | 3.5855129| 10.3143880 


2 
5219.6397637 | 9.9541517 0.362363 | 9.9458483]|] 8 
531 9.64<0241 | $-9540904 0.3559759 | £.0459099| 7 53 9.5859338 | 10.314o6E2 | 
54! 9.540284 4 | 9.9540291 0.,597156[0.0459709] 6 54 | 9:5362553] 10.3137447 
$15:6405445 9.9539677 0.3594555 |0.9490323] 5] 55 9.6865 768 10.31 342 ;2 
4 
3 
y 
I 
© 


 ——— — — ——__—— 
«6 | 9.5068581 | 10.3131019 
57 | $-6872152 | 10.3129808 
58 | $-98754<2 | 10,3124558 ] 
53 | 96878611 | 10.3121389 
5ol $.6831848 [10.311$182 


—_—  —_——— 


56, 9.54<8544 |9.9539<63] | 0.3591956 | 0.0450937 
57; $-5410640 | 9.5 538448 0.3589350 | c.0461552 
58 9.6413235 | 9.9537833] |0.3585765 | 0.0462167 
59 9.6415223 [5.2537213]} !0.3584172 | 0.9452782 
6 9.6418420 1 9.55396C2 ' ©.35815$0 | 0.0463398 
| | | {[Co.Arich, | Sign. | | | L--j- +, RR. 


— "OR AEEIEL 


” 


Degrees 64. k 


—_—— 


Degrees 26. 


D., Sign. [2 Aricth. | {| Tangent. | | | 
_ —— OO — I Eee es 
© |c.6418420 | 9.9536502 | | 0.358153] 0.0463358 | 50 | ©|9.6881818 1c.3118182 60 
l |9.6421009 | 9.935985 0.357839t-| 0.0464>15 | 52 I |9.6885023 1c.3114997 59 
- 9.5423596 9.253: 369| 0.357604 | 9.464631 | 53 2 | $.6888227 . 10.3111773 58 
3 | 9.6426182 | 9.95347 11 0.3572818 | 0.9465249 | 57 3 | 9.6891430 10.3108570 57 
4 | 9.642875s5 | 9.5534134| | ©-3571235 | 0.0455856| 55 4 | 96894631 | 10.3105369 55 
5 19.6431347 | 9-9533513 0.3568553 | v.0466485 55 1 5 | 95897831 , 10.3102169 55 
6 |, 2 233926 | $.9532397 a e56074 0. 2467103 54 6 9.6901030 , 10.3258570 54 
17 # +-<fewy 9.9532278 0.3553496 j © 0467722] 53 7 | 9-5904225 , 1.030G55774 53 
8 9.5439080 9.9531558 GIE009I0 | 0.046534 £2 8 9.6907 422 IC.30925g 3 52 
G 9.6441654 9.9531038 0.3558346 } 0.0468962 SI (9) 9.69106516 | 10.30389384 51 
10] 3.6444226 | 9.9539418 93555774 j 0:2469582 50 10 |9.6913809 10.3026191 50 
_ wg | actos { o— mm le 
tlio 6416795 «9529797 0.35$3204 | £,9470203 | 49 'Y | 9.591 7200 10.308 :0c0 49 
12 4 $025 46 54 14 0.3550635 | 0.9470825 | 48 12| 9.6920189 | 10.3079811, 48 
13] 9.5451931 | $.9523553 0,3548059 | 0.2471 447 | 47 13 | 9.6923378 | 10.3076622 47 
14 |5.5454456 | 9.3527931 0.3545 504 , 0.0472069 | 45 14 | 9-£926555 ; 10.3273435 45 
15 19.6457058 | $.9527308 0.3542942 | 2.9472692 | 45 | 15 | 96929750 | 10.3070250 45 
16] 5459619 | 9.952568; | | 0.3540381 | 0.9473315 | 44 15 | 96932934 | 10.3967066 
w7 jy +4944 9.9525061 ©.3537822 | 0.0473$39 | 43 17 | 9.69361 17 | 10.3063883 - 
18 9.6464735 | 59525437 0.3535265 | 0.0474563| 42 18 | 9.6939258 | 10.3060782 | 42 
I9 | g.6467290 | 9.9524813| | 9-3532712| 0.0475187 | 41 19 | 9.6942478 | 1c.3057522, 4, 
© | 9.6469844 | 9.9524188 0.3530156| 0.0475812 | 40 20 | 9.9945656 | 10.3554314 | go 
64 — —_— — —— _— _ — ——c_  .. 
21 19.6472395 | $+3523562 0,3527605 | £.0476438 | 39 21 | 9.5948833 | 10,3051167 39 
22 | 9.6474945 | 9.95225 35 0,3525505 | 0.047706 z | 38 22 | 9.6952009 | 10.3047591 38 
2319.6477492 | 9 9522310 0,3522508 | 0,2477690 | 37 23 | 96955183 | 10.3044817 | 37 
24 | 9.648003g | 9:9521683 ©.3519962 | 0.047 8317 | 35 24] 9.6958355 ] 10.3041645 : 35] 
25 [9.6482582 | 9.9521055 0.3517418j 0.9472945 | 35 25 | $-6961527 | 10.3<38473 | 35 
26 9.5485124 | 9.9520428 0.3514876| 0.0479572 | 34 26 G.5954657 10.3035303 i 34 
27 1 9.5487665 | $.9519799 |, | $-3512335| 90480201 | 33 = 9.6967865 | 10.3032135 , 33 
28 9.64902C3] 9.9519171 0.3509797 | 0.0480829 | 32 2 9.6971032 10.3028968 , 32 
291 9.6492740| 9.9518541 0.3507260| 0.0481459 | 31 29 9.6974195 10.3025802 | 3! 
4 39 9.6495274 | 9.-9517912 0.3504726] 0,.0482083 | 30 30 | 9.6977 363 | 10.3022637 | 3c 
—|— weſemn | aj p_ — 
31 | 9.6497807 | 9.9517282| | 9.352193 0.0482718 | 29 3' | 9.6980526 | 10.3019474 | 25 
32 1 9.6500338 | 9.951665 1 0.3499552 ; 0.04833419 | 28 32 | $.6983687 | 10. 3015313| 2 
33 [9.6502868 | 9.95 16020 | {| 03497132 ; 0,0483580 | 27 33] 9.6986847 | 10.3013153; 27 
34 | 9.6505395 | 9.9515389 0.3494605 | 0.0484511 | 25 34] 9.5ggcoo6 | 10,3009994 | 2* 
55 | 9.6507920 | 9.9514757 | | 93452030| 0.0485243 | 25 35 | 9.6993164 | 10.3005838 | 25 
36 9.551c444 | 9.5514124 ' 0.3489555 0.9485875 | 24 39 | 9.6996320 | 10.30036 80 | 24 
3719.6512565 | 9.9513492 | | £.34870341 9.0486508 | 23 37 | 9.6999474 | 10.3000526 | 23 
38 9.6515486 | 0.9512858| j 0.348;514] 0.0487142 | 22 38] 9.7002628 | 10.2957372 | 22 
35] 5.55 18004 9.9512224| *f 0.3481596] 0.0487776 | 21 39 | 9.7005780 | 10.2994220 | 2 
40]9g.6520521 |9.95115;0|- | 0.347 79479 | 9.0488410 | 20 40] 9.70089 30 | 10.2991070 | 20 
— es ee # — ny 6 20” OeOIARTRR EM ned 
41 1 9.5523035 | 9.95 10956 | ne 6950 | 0.0489044 1 19 4\ 1 9.701208. 10.2987920| Is]. 
42] 56525548 [9.951032 | 0:3474452 0.0489680 | 18 42] 9.701 5227 | 10.25847731 18 
43 ]9.6528059 | 9.95056g5] ! 0.3471541 | 0.0450315 | 17 43] 9.7018374 10.2081526| 17 
44 | 9.6530568 | 9.9505049 0.3469432 | £.294909g1 | 16 44 | 9.7021519 | 10.2998481 | 16 
45 [9.5533075 | $.95c8412 : 0,3466925 0.0491588 | 15 45 9.702463 | 10.2975337 15 
| Han —— ——_ aſs — j cocoeaoo—- | comonmerennd | — 
45 5.6535581 [9.9507775 {| £.3464419-10.0 92225 | 14 46 | 9.7027805 | | 10.2972195 | 14 
47 | 9.6538c84 | 9.9507138 | 0.346191 61 0.0492852 | 13 47 9.7030946 | 10.256g054 | 13 
48 9:654c586 | 9.9505500 0.3459414 | 0.0492500 | 12 48 | 9.7034085 | 10.29559 14 | 12 
47 1 9.5543085 | 9.9505861]| | 0.3456914|0.0494139 | 11. 45 | 97937225 | 10.2962775 | 11 
5219.5545584 | 9.9505223 | ©:3454416 0,.0494777 | 10 $0 | 9,7040362Z | 10.2959538 | I 
51] 9.6548081 | 9.5504583| {| 0.3451919|0.0495417 | 9g 5 1 | 9-7043497 | 10.2956 503| 5 
524 9.6550575 | 9.9593944 | | ©.3449425 | 0.9496056| 8 52] 9.7046632 | 10.2953368 | ® 
33] 9.6553086 | 9.9503303] {| 0.3446932 | 0.9456697 | 7 53197045765 | 10.2950235}| * 
54| 9.65555591| 9.9502663 ©.3444441 |0.0497337] 6 54| 5.7052897 | 10.29471c3} © 
39 | 9.6558048 | 9.9502022 0.3441952 | 0.9497978| 5 55 | 9.7056027 | 10.2943573] 5 
56|9.6550535 |9.9501380 | 0.3439464 0,0498620 | 4 561]9.7059155 | 10.2940844 | 4 
57 | 9.6563021 | 9.9500738 ; ©, 3436579 | £.0499262 | 3 57 | 9.7062284 | 10.2937716| 3 
58 (9.5565505 $.95-0-95 ' 0.343 4495 | ©-9499905 | 2 58] $9.7056c110 | 10.293450%0 | 2 
59 ' 9.6567987 | 99599452 \ £.3432813 0,0500548 | 1 59 | 9.7068535 [10.2931465 | ) 
60 ' $,5570468 | 9.959880g | 0.34395 32/0, 0g0I191} © 601 0,707 1655 119.2928341 | c 
| | | | | Co.Arith, | Sign. | | 1 | Tangent. | 


Degrees 63. 


at 2s Rr Bb Father = rs . F m 
SLED ls Id et CHESS LESS; re KY OR NE INES” 


Degrees 27. 


i St - 1 Co.Arirnh, | | Tangent, 
| = —— = - EFT 
o|9.5570458 | 9:9493S09 | | 0.3429532 | 0.050191 o | $.7071659 | 10.2928341 
i1[9.5572946| 59458155 | | 23427054 | 20501835 | $ | 97074708 NRNOInng 
21G.5575425| 9-5497521 £.3424577 | 9.959247 2 | $.7077$02 | 10.29220992 
: 9.677898 9.5496876 0.3422102 | 0.050Z124 3 | 9.7081922 | 109.2918578 
4|9.65%0378 9.9499239 0.341529 | 0.0503770 4 | $-7-284141 | 19.2g15855 
5 (9.55 32842 9.949555 0.3417158 | 0.0504415 5 | 9.7087258 | 10.2912742 
6|9.0535312 9.5494938 0.3414582 | 0.5505062 6 | $.-7959374 | 109.2909625 
11 9.£5 87780 | 99494292 0.3412220 | 0,0505708 7 | 97093488 | 10.2995512 
$19.5590246 | 99493545 | | ©-3409754 | 0.956355 3 | 9.7096601 | 10.4903399 
g19.5592710} 59492597 0.3407 290 | ©,0507003 9 | 97299713 | 192900287 
10195595 t73| 9:5492349 0.3404827 | 0.050711 15 | $-7002824 | 10.2897176 
n—rmome——_ | AN IO — Bm I 
9.5 597534 | 9-349 1700 0.3402367 | 0.0508390 I1|$-7195333 10.2994067 
9.5600093 | 59491051 0.3359$07 | 0.0593949 12 | 9.710041 | 10.2850555 
9.5602550 | 9-5 490492 0.3397459 | 0.05095g8 13 | 9-7112148 { 10 2287852 
6.56- 5205 | 9+54097 52 0.3394995 | 0.0500248 14 | 97115253 110.2984746 
9.6597459 9.0489101 0.3392541 | 0.0500859 ts | 97118358] 10.2881642 
9.560991 1 9.9488450 0.339008 | Col 1550 16| 9.7121451 | 10.285$535 
5,6612361 9.9487799 03387539 | 0.0512201 19 | 9-7124562 | 10.2875438 
9.6614310 9.9487147 0.3385150 | o.0g12853 18 | $-7127662 | 10.2872338 
9.6617 257 | 99485455 | | 9-3352743 | 00.513505 19 | 9.7130761 | 10.286923, 
9.6619702 9.9485842 0.33802GB [| o.05I4158 9.7133859 | 10.2866141 
9.6622145 | 9:9485189} 1©0.3377855 | 0.2514811 9.7135356 | 19-2863044 
9.6624586|9-9484535} [©3375414 [0.0515465 9.914005 1} 10.2859949 
9.6627025 | 9.9483881 | [9.3372974 NPCs 9.7143145 | 10.2856855 
9.662945 4 | 99483227} |9-3370536 | 0.0516773 9.7145237 | 16.1853763 
9.56319co | $:9482572} [9.335810 | 0.0517428 9.7149329 | 10.28;0671 
9.6634335 | 9-9481916 | 0.336566s5 | 0.0518084 | 9.7152419 | 10.2847581 
9.5636768 9.9481260| [0.3363232 | 0.0518740 9.7155508 | 10.2844452 
9.6639199 | 9-9480604 ©.33560801 | 0.0519396 9.7158595 | 10.284140g 
29 9.6641628| 99479947 | 0.3358372 | 0.0520053 9.7161582 | 16.2838318 
p19:66440 56] 9:9479289| 19-335 5944 | 0.0520711 9.7164767 | 10.2835 233 
_—_ —— I: Rar ; : [mm mm—_ 
9.6645482| 9:9478631 0.3353518 | 0.052139 g:7167851 | 19.2832149 
n|9.6642906| 9-9477973] |-3351094 | 0.05 22027 | 9.7170933 | 19.2825067 
131 9.5651325 9.9477314 ©. ; 348571 | 0.0522686 G.7174c14 | 19.2825986 
1196553749] 9:9479955| [93345251 | 0.0523 145 9.717794 | 19.2322506 
9.655 5158] 9-947 5995 0.3343822 | 0.c524005 9.7180173 | 10.2815827 
16] 9.65585 86\ 9-9475335| 3341414 | 0.05 24565 9.7183251 | 19.2816745 
9.6661601 | 59474974 ©.3338999 | 0.0525325 9.7186327 | 10.2813573 
$$] 9.666341 5 | 9-9474913 0.3336585 | 0.0525987 9.7185402 | 10.28105g8 
*9| 9.6655 828} »-9473352| 1©-3334172 | 0.0525548 $.7192476 | 10.2807524 
40} 5.5668238 | 9-9+7 2983 | [0.3331752 | 0,0527311 9.7195549 | 19,2804451 
9.66705 47 | 99472027 } |0.3329353 | £-0527973 9.7158520 | 10.2821380 
9.657 3054 | 9-947 1394 0.3325946 | ©.0; 28636 9.72015go | 10,.2798305 
1319:5575459| 9:9470700} ho. 324541 | 0.0529300 9.7204759 | 19.2795241 
4 9.667786 3 9.947C036 ©.3322137 | £.0529964. 9.7207827 | 10.2792173 
4819.6580265 | 9.5409372 0.3319735 | 0.0530628 9.72108g3 | 10.2789107 
46] 9.5682655 | 9.9458707 0.3317335 | 90531293 9.721;958 10.2786042 
9.6585054 | 9.9458042 0,3314$36 | 0.0531958 9.7217022 | 19.2782978 
9.6689451 | $-9467 375 0.3312539 | 0.05 32624 9.722008g | 19.2779915S 
49| $.6685856| 9.9466710 0.3310144 | 0.0533290 9.7223147 | 19.2776853 
50 9.5692250| 9.945043 | | ©-3307850 | 0.95 33957 9.7226207 | 19.2773793 
9.6554642| 99465335 | |©-3395358 | 0.0534624 9.7229266 | 10.2770734] $ 
0.55g97c32] $.9464708 0.3302968 | 0.05 35252 9.7232324 | 19.2767676] 8 
9.6599420| 9.944949 | 0.3300580 | 0.95 35960 9.7235381 | 10.2754619] 7 
9.6701807 | 9.9453371} | 9.3298193 | 0.95 36029 9-7238436 | 10.2761564 | 6 
9.6704192| 9.9402702 0.3295808 | 0.0537258 9.7241499 | 19.2758510] 5 
—— . mmm ——_—— —- 
9.6705 576] 9.9462032| [0.3293424 | 00537958 | 9-7244543 | 19-2755457] 4 
9.6708958 | 9.9461362| [0.3251042 | 0-05 38638 | | 9-7247595 | 1992752405] 3 
9.6711338 | 6.946065$2 0.3288652 | 0.05 39308. 9.7250545 |.19-2749354] 2 
9.6713716| 9.9450021 | | 0.3286284 | 0.05 35979 | 9.7253695 | 10.2745305 | 1 
$0! £.671C0c3 )$9.9469349 0.32835g071 0.053065 1 9.7256744 * 10.274:2961 © 
| | Sign. | | | Tangent. | 


| Co.Arich. | 


Degrees. 6 2. 


K 2 


laawwmeo | & 


6 


7 
8 


2 


10 


II 
I2 
13 
4 
is 


16 
17 
18 
I9 


20 


31 
32 
33 
34 
35 


41 
42 
43 
44 
45 


46 
47 


T Sen: | 


'9.5716093 
9.5718468 
G.6720841 
9.6723213 
9.6725583 
,9.5727952 


| 9.67 30319 
9.67 32684 
9.57 35947 
9.67 37409 

' 9.6735769 


| 9.5742128 
| 9.6744485 
' 9.6746840 

0.6745194 
9.5751546 


9.67 53896 
9.6356245 
9.5758592 
9.67609 37 
9.6763281 


9.6765623 
9.6767963 
9.6790302 
9.6772540 
9.6774975 


9.6777309 
9.5779642 
9.6781972 
9.6784301 
9.6786629 


9.6788955 
$.6791279 
9.6793602 
9.6795923 
9.6798243 


9.680560 


7 
37 
38 


29 9.5807504 
40 | 9.68098 16 


9,6802877 


. 9.680g191 


9,6612126 
9.58144 34 
9.6815741 
9:6819046 
9.6821349 


0.582351 
0.6825952 
$.6828250 
$9.6832843 


9.5835137 
9.5237430 
9.69 39770 
| 9.6842 12 
9.6844297 


9.6845 583 
9.6848868 
9.6851151 
9.5853432 


9.5855712 


9.9455 349 
9:9458577 
9.34580cs 
9.7457332 
9.94565 59 
9.945 5985 


9.9455310 
9.9454536 
9.9453960 
9.9453285 
9.945 2609 


9.9451932 
99451255 
9.9450577 


9.9449899 | 


9.0449220 


9.9448 541 
9.94478652 
9.9447 182 
9.9445501 
9.9445821 


9:9445139 
9-2444457 


99443775 


9.9443092 
9:9442409 


9.9441725| 


9.9441041 
9.9440356 
9.9439671 
9.9438958 


9.9438289 
9.9437612 
9.9436925 
9.9436238 


- 9:9435549 


9.9434851 
$:9434172 
9.9433482 
9.9432792 
9.9432102 


9.9431411 
9.9430720 
9.9430028 
9.942335 
$.9428643 


$.9427949 
$-9427255 
9.9426561 
$.9425866 
$:9425171 


9.9424476 


99423779 | 


9.9423083 
9.9422386 
9.5421688 


9.9420990 
9.9420291 | 
99419592 
9.9418893 


9-9418193' 


Degrees 


Co.Arith. 


0.3283907 
0.3281 532 
©.3279159 
0.3275787 
0.3274417 
0.327 2048 


0.3269681 
0.3257316 
0.3264953 
0.3262691 
C.3260231 


C.3257872 
0.3255515S 
0.3253160 
0.3250896 
0.3248454 


c,3246104 
© 3243756 
0.3241408 
©,3239063 
0.3236719 


0.3234 377 
0.3232037 


' 10.32296598 


0,3227360 
0.3225025 
0,3222691 
0.3220358 
0.3218028 
0.32156g9 
0.3213371 
0.3211045 
0.3218721 
0.3206398 
0.3204077 
0.3201757 


0.3199440 
0.3197123 
0.319480g 
0.3152496 
0.3150184 


0.3187874 
0.3185566 
0.3183259 
0.3180954 
0.3178551 


0.3176349 
0.3174048 
0.3171756 
0.3169452 
0.3167157 


0,3154863 
0.3162570 
0.31 60280 
0.3157990 
0.21 55703 


0.3153417 
0.3151132 
0.31488459 


0.3146 568 | 
0.3144288 


Py 


0,054065g1 
2,0541323 
0.0541995 
0.2542668 
0,0543341 
0.0544014 


C,254 4690 
0,0545364 
0.0546040 
0.546715 


| 0.0547391 


0,0548058 


0.0548745 
0.0549423 
0,0550101 


C,2550780 


0,255145% 
0,0552138 
00552818 
0.0553499 
0.0554179 


0,05 54861 
0,0555543 
0,0556225 
0,0555908 
0,.0557591I 


0,0558275 
0.0558955 
0.95 59644 
0.0560329 
0.05610I5 


0,0561701 
0,0562388 
0.0563075 
0.0563762 
0.C554451 


©0.0565139 
0,0565828 
0.0566518 
©,0567208 
0.0567898 


c,og68589 
0.0; 69280 
0.0569972 
C.og70665 
0.0571357 
0,05720g1 
0,.0572745 
0.0573439 
0,.0574134 
0.9574829 


0.0575524 
0,0576221 
0.0576917 
©,0577614 
0,0578312 


0.057g010 
0.0579709 
0,.0580408 
0.0581107 


0.0581807 | 


aiwewess| 


I © ©&@W 


0 » Bw | wow wo | 


Tangent. 


9.7255744 
9.7259791 
9.7262837 
$.7265881 
9.72638925 
9.7271967 


G.7275008 
9.7278048 
9.7281087 
9.7284124 
9.7287161 


$.7290196 
$+72:93230 
9.9 296263 
9.7299275 
9-7 302325 


9.7395354 
9.7308383 
9.7311410 
9.7314435 
9.7317460 


$.7320484 
9.9323506 
9.7326527 
9.7329547 
9.7322566 


9.7335 584 
$7 338601 
9.7341616 
£47 344631 
9.7347544 


9.7350646 
947353667 
9.7356677 
9.735968g 
9.7362693 


9.7355599 
9.7368705 
$.7371309 
9.7354712 
9.7377714 


9.7380715 
9.73837 14 
9.7386713 
9.73897 10 
9.7392707 


9.7395702 
\ 9.7 398696 
9.7401689 
9.7494681 
9.7407672 
9.7410562 
9.7413550 
9.,7416538 
9.7419624 
9.7422 
9.7425594 
9.742 8577 
9.7431559 
9.7434549 


9.7437 520 


6ag | 10.277391 


10.2743256 
10,274020g 
10.27 37163 
10.273411g 


10.273007s 
10,2728033 


I0.2724592 
10.2721952 
10.2718513 
10.2715876 
10.27 12825 
10.2709804 
10.2706770 
10 2703737 
10.270070g 
10.2797675 


10.2694645 
10.2661617 


10,2688590 
10.2585564 
10.2682540 


10.26795g16 
10,2676494 | 
10.2673473 


10,2670453 
10.2664434 | 


10.265 4416 
10.2661399 
10.2658384 
10.2555369 
10,26523 56 


10.2645 344 
10.2646333 
10.2643323 
10,264031s 
10.2637307 


19.2634391 

10,2631295 
10.2628291 
10.2625288 
10.2622286 


10,261g285 
10,2616 286 
10.261 3287 
10.2610290 
10,2607293 


10,2604298 
10.2601304 
10,25g8311 
10.2595319 
10.2592328 
10,2589338 
10.2586350 
10,2583362 
10.2580375 


Cm ——n—— 
10.2574406 
10,.2571423 
10.256844! 
10.2565460 
10.2562580 


| Tangent. | 


| Co.Arich. | Sign. | | 


Degrees 62. . 


-” ———— w—_— 


'D. Sign. | Co. Arich. Tangent. | 
o|c.5855712 | 3 9418193 0.3144288 | 0,0581807 | $0 o | 9.7437520 | 10.2562480 60 
119.5857551 | 9-9417492 ©,3142009 | 0.0582508 |, 59 I | 9.7440499 | 10.255950t 59 
2 | 9.6860267 | 9.9416791 0.3139733 | <-95832c9 | 58 2 | 9-7443475 | 19.2555524 58 
3 [9.52625 12 | 2-7416090 0.3137458] 0.0583910 | 57 3 1 97445453 | 192553547 57 
4 [6.6354816 | 5.2415388| [<-3135184 | 02584612 | 55 4 | 9-7449428 | 10.2550572 55 
; |£.5367038 | 99414685 | | 93132912 [0.0585 315155 5 | 9-7452403 | 10.2547597 55 
Ny — i —— ——_— nds See, im 
6|5.6869353 | 99413982 0.31 30641 | 0.0586018 | 54 9.7455376 | 10.25445624 54 
q|5.6371528 | 949413279 | | 9-3128372 | 0.0586721 [53 9:74 58349 | 10.2541651 53] 
$| 9.6373895 | 9-9412575 0.3126105 | 0.0587425 | 52 9.7451320 | 10.25 38680 52 
9] 9.6876161 | $424 11871 0.3123839 | 0.-588129{ 51 $:7454290 | 19.2535710 51 
10 $,6378425 9.9411166 ©.3121575 0.0588834 $0 9.7457259 10.2532741 50 
—} —_C_.—__—_—_— —— — ——_— k_ —_—  —__———C——— _ —_—_—RY.82 — 
11]9.6280683 | 9.9 410461 0.3119312 | 0.0589539| 49 [1 19.7470227 | 10.25.9773 49 
1 |5.63382945| 99499755 | | ©-3117051 | 0.0590245 | 48 9.7473194 | 19.2 25807 48 
13 HEnng=0s 9.94929048 0.3114791 | 0.0590gg2 | 47 0.7475150 | 10.2523840 47 
14|9.6887.467 | 9.9408342 | | 9-3112533 | £-2591658 | 46 9.7479192g | 10.2520875 | 46 
Is 9.6385 ws 9.0407634 0,3110277 0.0592366 45 9.748 2089 IO0.2;1791I 45 
16]9.5851978| 9.9406927 | | 9-3108022 1 0.0593073| 44 | 9.7485052 | 192514948 44 
1 |9.6294232 | $.5406219 ©.3105768 | 0.0595781 | 43 9.7488013 | 10.2: 11987 | 43 
18|9.6296484 | $.9405510| [ 9-3103516] 0.0594450 | 42 9:7490974 | 10-2509026 42 
1919.6898724 | 9.9404801 0.310126} 0.2595199| 41 9.7493934 | 19.2505065 , 41 
26 9.690583 9.9404091 ial 0.0595909 | 40 9.7496392 | 10.2503108 : go 
21 [0.590323 | 99403381 ©.3096769 0,0596619|] 39 9.7499850 | 10.25colco 39 
22 96905176 9.9492570 | | ©-3994524 | 0.0597330| 35 22 | 9,7592806 | 10.2497194 35 
23196907721 | 9.9401959 | | 23992279 | 0.0598041 | 37 23 | 9:7505762 | 10.2494238 37 
4 ods 9.9401248 £.,3090036 | 0.05987 52 | 35 24|9.7508716 | 10.2491 284 | 35 
25|9.6912205 | 9:9400535 | | 9:3987795 | 9.0599465 | 35 25 [9-7511669 | 10.2488331 | 35 
16] 9.6914445 | 9:5399823| | ©-3085555 | 9.0600177 | 34 $.7514622| 10.2485378 34+ 
21| 96916683 | 9.9399110 | | 0.3083317 | 0.0600890 | 33 of 9.7517573 | 10.2482427 33 
8]9.6918919 | 9.9398356 | | 0.3081081 | 0.0601604 | 32 25 | 0.7520523 | 10.2479477 32 
2919.6921155 | 9.9397682 0,3078845 | c,5602318] 3! 9.7523472 | 10.2g76528 3! 
3$019.5923388 | 9.93596968 0.307661 2 | 0,0603032 | 3O 9.7 525420 10.247 3580 ; 30 
' 31 [5,5925620 | 99396253 | | 9:3074380} 0.9603747 | 29 9.752938 | 10.2470632 | 29 
3219.5927851 | 9.9995537 | | $3972149 | 0.9604463 | 28 97532314 | 102467686 | 28 
3|5.6330080 | 9.9394821 0.3069920 | 0.0605179 | 27 9.7535259 | 10.2461741 | 27] 
34]9.5932308 | 9.9394105 | | £.3967692 | 0.0605895 | 26 9.7538203 | 10.2469797 25 | 
35]9.5934534 (FOI 6.3065 466 | 0.0606612 | 25 EY 9.7541135 | 10.2458854 25 
36] 55936753 , $.9392671 | | 93063242 | £,9507329 | 24 9.7544088 | 10.2455912 24 
N]9.6938981 | 9.9391953| | ©.30610191 0.260847 | 23 9.7 547029 | 10.2452971 | 23 
z8 9.6941207, 9.9391234 0.3058797 | 0.0608766 | 22 5.7 549969 , 10.2450031 | 22 
$[9.6943423 | 9-9390515 | | 0.3956577 | 00609485 | 21 39 | 9.7552908 | 10.2447092 | 24 
qo 9.5545642 | $-9359796 0.3054358] 2.0610204 | 20 4®| 9.7555345 | 10.2444154 | 20 
— Cs PIES mmpn—_ C— CE —— | 
W]9.6947859 549385076] | ©3052141 | 0.0010924 | 19 9.7558783] 10.2441217 | 19 
(219.695007 t | 9.9388356 £,3049926 | 0.0611 544 | 18 9.7551718| 10.2438282 | 18 
4319.6952288 | 9.9387635 0,3047712 | 0.0612365 | 17 9 7564553] 10.2435347 | 17 
4]9.6954501 | 9.93386914 0.3945499 | 0.0613086 | 16 . 9.7557587 | 10.2432413 | 16 
65 [9.69567 12 | 9.9386192 0.30943288 | 0.06138c8] 15 9.7570520 | 10.2429480 | 15 
45]5.5958922 | 99385470 0,3041078| 0.0614530 | 14 C,7573452| 10,2425548 | 1 
47 [9.6961130 | 959384747 0.,3038870]0.0615252113 9.7575383] 10.2423517|1 
48]9.£953336 | 9 9384024 0.3036664 | 0.0615976| 12 9.7579313] 10.2420587 | 12 
49 | 9.6965 541 | 9.9393 00 0.3934456| 0.0616700| 11 $.7582242| 10.2417758| 11 
$019.5567745 | 9.938 574 0.3032255 | 0.0617424| 10 9.7585170| 1c,2414837 | 10 
jl19.5969947 | $.9381851 0,3030053| 0.0618149] 9 9.7588095 | 10.2411904f 59 
$2]19.6672148| 9.9331 126 0.3027852| 0.0618874] 8 9.7591022 | 10,2408978| 8 
5319.6974347 | $:5380400 0.3025653| 0,2619600| 7 9.7593947 | 1c.2406053 | 7 
5$419.5976545 | $49379674 0.3023455 | 0.0620326| 6 9.7595871 | 10.2403129] 6 
55 19-5978741 | 9.9378947 0.3021250| 0.0621053] 5 97599794 | 10.2400206] 5 
56|9.65680936 | 9.9378220 0.3019064] 0.0621980| 4 9.7602716] 10,2397284 | 4 
57 i 9:6983129 | 9.9377492 0,301687 1 | 0,0622508| 3 $.760e637| 1.02394353] 3 
58 (9.6585 321 9.9375764 0,3014679 | 0.0623236] 2 9.7608557] 10.2391443| 2 
59 '9.5987511| 9.9376035|. | 0.3012489 | 0.0623965| 1 9.761147S] 10.2383524 | 1 
So 9.69897co' 9.9375306 10.3010300| 0.0624694 } © * io 9.7614394] 10.2385606| © 
_ | | Co.Arich. | Sign. | | 4 | Tangenr. | 


Degrees 23, 


Degrees 6 2. 


| Degrees 


J 


— 


D. _ Sign, ' Co. Arith, | | | | 
o | 09.6985700 9.93753096] |©,:010300| 0.0624604 | 50 | ©c19.7614394 ' 10.2385605 | 5g 
1 |5.5591889 | 9:5374577 | |0.3008113|] 0.0625423 | 55 119-7517311 | 10,2382689 | 59 
2 | 4.6994073 | 95373547 0,3005927 | 0.9625153 | 58 [ 2 | 97620227 10.2379793| 58 
2 [9-6956258 | 99373115] [0.3003742 | 0.062588, | 57 3 | 97623142 | 10.2376858 | 57 
4 | 9.6998441 $.53723835 0.30901559 } 0.0627615 | 55 4 9.7625055 ! 19,2373544 56 
5 | 9.7000522 | 99371653] | 0.3009378 | 0.0628347 | 55 5 | 6.762396 | 10.2371031 55 
i | ” —— u_— —_— cc} RT 
6 [9.75002802 | 99379321 0.7997 198 | 0.0£29079 | 54 | 619.7631881 | 10.2368119 54 
7 | «7004981 | $-9+70189 0.2995019 | 0.0629811| 53 7 | 97634792 | 1.92365208 53 
8|9.75007158 9.9359455 0.2952342 | 0.0630 544 52] 8 | 9.7637702 I2.2362298 52 
91 9.7009334 9.5398722 0.2990666 0.0631278 <1 9 9.7640612 10,2359388 51 
10|9.5011508 | 99357988 | | 0.2988452 | 0.063012] 50 10 | 9:7543520 | 10.2356480| 50 
— _ CT Ienn OEEYy ——— OY ————————_y 
11 |9.5013581 | $42357254 0.2986319 | 0.0632746| 459 11 | $.7646427 | 10.2353573 49 
, 12 |9.7015852 9.9366519 0.2984148 | 0.0633481 | 48 12 | 9:7649334 | 10.2350666 48 
13 | 9.7018022 | 9:9355783 0.2981978 | 0.0634217 | 47 13 | $-7552239 | 10.2347761 47 
14 | 9.70201g0 | 949395247 ©.2579810| 0.0634953| 45 | 14 | 9:-7955143 | 10.2344857 45 
15 | 9.5022357 | 99364311 | | 0.2977643 | 0.9635689 | 45 15 | 97658047 | 10.234t953] 15 
con - — - m——_——— — CC — nn 
16|9.7024523 | 9:9393574 0.2575477 | 9.0636426 | 44 16 | $-7860949 | 10.23390g1 44 
17 | 9.9025687 | $-93 62536 0.2973313| 0.0537164 | 43 | 17 | 97563851 | 10.2336149] ,> 
18 | 9.7028849 99362058 0.2971151 | 0.0637902 | 47 18 | 97666751 | 10.2333249 42 
19 |9.7031011 | 9-9351350 0.2968985 | 0.0638540| 41 1g | 9:7669551 | 10.2330349 41 
20 | 9.7033170 $.9360621 0.2965840 | £,0639379 40 20 | 9:7672550 I0.2327456 40 
21 |9.7035329 | 99359881 0.2964671 | c.0649119| 39 21 | 9:7675448 | 10.2324552 7 39 
22|9.7037485 | $:9359141 0.2562c14| 0.0640859| 38 22 | 9.7678344 | 10.2321656 | 38 
23 |0.7039541 | $:9358401 0.1950359| 0.0641599 | 37 23 | 9-7681240 | 10.2318760| 37 
24 | 9.7941795 $.9357660 0.2958205 | 0.0642340 | 36 24 | 9.76841 35 10.231 5865 | 35 
25 | 9.7043987 9.9350918}] , 0.2956053 | 0.0643082| 35 25 | 9-7687-29 10.2312971 | 35 
26 9.7046ug9 $+3359177 | 0-295390o1 | 0.05443823 | 34 26 97689922 10.2310078 ; 34 
27 | 0.7048248 | 9-9354433 | [| 0.2951752 | 0.0644066 | 33 27 [$-7692814 | 10.2307186 | 33 
28|9.7050397 | 999354691 } | 0,2949503| 0.2645309 | 32 28 9.7695705 | 10.2304295 | 32 
29 | 9.7052543 9:9353948 0.2947457 | 0.064602 | 31 | 79 [97698596] 10.2301404 | 31] 
30 | 9.7054589 | 9-935 3204 0.2945311 | 0.06467g6| 30 30 | 9.7701485 | 10.229851 5130 
31 | 9.5056833 | 9-9352459 0.2943167| 0.0647541 | 29 311 9.7704373 | 10.2295624 | 29 
32 | 9.7058975 | 9-9351715 0,2541025 | 00648285 | 28 q 321 9-7797261 | 10.229273g | 28 
13 | 9.7061116| 993509569 0.2938884 | 0.0649031 | 27 33] $.7710147 | 10.228g853| 27 
34 | 9.7063256| 9-9350223 0.2935744 | £.0645777 | 25 3419.7713033 | 10.2286967 | 25 
3519.7065394 | 99349477 0.2934506] 0.0650523 | 25 35 | 9:7715917 102284083 25) 
36 | 9.7067531 | 9-9349730 0.2932469] 0.0651270 | 24 35 | 9.7718801 | 10.2281159 | 24 
37 | 9.7059667 | 9:9347983 0.2930333j; 0.0652017 | 23 37 | 9-7721684 | 10.2278316, 23 
38 { 9.7071801 | $-9347225 0.2928199 | 0.652765 22 38 | 9.772450 | 10.2275434 | 22 
391] 9.7073533 | 9-9345486 0.2926067 | 0.9653514 | 21 35 | 9:7727447 | 10.2272553 ! 21 
49] 9.7076064 | $-9345738 0.2923936 | £.0554262 | 20 40] 97730327 | 10.2269673 | 20 
—_ _ ——— ———— |. EP ——————__—_—_—__ 
41 | 9.5058194 | 9.9344988 | | 0.2921806| 0.065 5012 \ 19 41 | 9.7733206, 10.2266794 | 19 
42 | 9.508032 | $-9344238 0.291 9577 | 0.0655762 [1 42| 9.773608, ' 10.22535916] 18 
43 ]9.7c82450 | 95343488 0.2917550| 0,0656512 | 17 3 } 9:77 38961 ; 10.2261039 | 17 
44 | 9.7084575 | $.9342737 0.2915425 | 0.0657263 | 16 44 | 9-7741838 | 10.2258162 | 16 
45 | 9.70855g9 | $.9341985] Q 0.25133-1 | o.of58014 | 15 45 | 97744713 | 10.2255287 | 15 
45 $6.7088822 1 9.9341234 0,.2911178 | 0.0658766 | 14 146] 97747588 | 10,2252412 | 14 
47 | 9.7090943 | 59340482 0,250$057 | 0.0659518 | 13 47 | 9.775462 | 10.2249538 | 13 
48 | 9.7093063 | 99339729 0.290937 | 0.060027I | 12 48 | $-7753334 | 10.2246666 | 12 
49 | 8.7095182 | 99338976 0.2904818 | 0.0661c24| 11 49 | $-7766206 | 10.2243794 | I1 
50 | 9.7097299 | 9-9338222 0.2902791 | 0.0561778[ 10 5O | $-7759077 | 10.2240923Z] 10 
1 51]9.7099415 | 99337467 0.2900585 | 0.0662533] 9g 51]9.7701947 | 10.2238053] 9 
52]9.7101529 | 9.9336713 0.2898471 | 0.c663287| 8 52 | $-7764816 | 10.2235184| 8 
53] 9.7103642 | 9:9335957 0.2896358] 0.0664043] 7 53 | $-7767685 | 10.2232315| 7 
54 | $.7105753 | $:933 5201 0.2894247 | 0.664799] 6 54 | 9.77705$2 | 10.2229443| 46 
55 | 9.7109863 | 9:9334445 0.2892137 | c.0565555| 5 55 | 97773418 nxt pn 5, 
| 56| 9.5105072 | 9.9333588 | | 0.2890028 | 0.0565312| 4| 56 | 9:7776284 | 10.2223716] 4 
57 4 ki 24a 45 <p 0.2885920 | c.0567059-] 3 57 wore OF; Spas o 3 
{58[5.5114185 |9.9332173| [0.288814 |0.0567827 | 2 bo NS onoar del + 
: 59 |9.7116250 |9.9331415| [0.28837 10 | 0.956858 þ 1 jd $94 ade he ecs « 
| 5n 9.7118393 9.93306 56 0.2381607 0.065934 1 Th. #7 5. $41 £6 ; Molded dmg 
4- IM | | CoAricth. | Sign. | | | | Tangent. | 


m— 


Degrees 59. 


Degrees 31, 


— IRS» 9 


os "Swan. | Co.Aritt, - | | Lanvent. 
_—_— — —_ . _ a Fl 222 =". = 5a] WR 
2.6.711£3:3 | 99330656 | 2.7551507 | 0.0669344 | 50 © 19.7787737 | 19.:2122C63 | 60 
119:2126.495 | 9.9325897 02879505 | 2.0670103 | gg | I | 9:779259;}10.229401 | 59 
219.7122555 | $--329137 0.2277404 | 0.057086z | 58 2 |$.779345$] 10.2206541 | 58 
3197174 95 9-2328376| [©:2875395 [0.067 1624 | 57 3 | 9-7750318] -0.2203582 | 57: 
als .7120792 1 9.9327615 0.2373208 | 0,0672384 | 56 4 | 9.7799177 | 10.2:0c823 | 55 
59.7 128889 | 9.532685} |9-2971111 | 0.0673146 | 55 5 | 9-7008234 16.2157955 | 55 
-6'5.7130583 9.5 326092 0.285go17 0.067 3500 mn 6 | 3.780439! 10.21g5109 54 
7197134977 | 9-3325330 | [©-2856923 | 00674670 | 53 7 | 9.780747 | 162192253 | 53 
8'5.7135 £9 [99324557 2.2864831 | 0.06754 33 | 52 8 | 9.7810502|1C.2189358 | 52 
9.7137260 | 99323504 2 2002740 0.-676196 | 51 9 | 9-70 124561 102100544 7 $1 
10[$:7139349 $.9323040 ©,2550651 | 0.0676960 50 15 9.791630g 10.2183551 | 50 
u15.7141437 | 9.9322275| [02858563 | 0.067724 | 45 11 |[9.7815152|10.218c838 | 49 
It 9.714 52 4 | $.9321511 0.2856475 | 0.0578489 48 12|9.7822013] 10-2177$g87 | 48 
1319 1145909 | 9. $320746 0.2854391 | 0.05792 74 47 13! $.78248541] 10.2175135 | 47 
[4 97147693 | 9.93 19580 0.2852307 | 0.0680025 45 | 14 | $-7227713] '9.2172287 | 46 
15197149779 | ' 9, 2319213 O 2850224 0.06807 87 45 | Is 9.7830552 10.21594 32 45 
16 9.7151857 | 0,53184.47 0,2848143 | 0.0581553 4a! 16 | $.7833410]12.21665go | 44 
«6 t5 444 9317579] |$:2545053 | 0,0582321 | 42 | 17 | $.7836258|10.2163742 | 43 
18}$9.7155C1 5 j9-9315g1 C 2843985 ©.0583089 | 12 18} $9.78391cq | 10.2150895 | 42 
1919.7158092 | 3.9316 143 ©.28419c8 | 00.683857 | 41 15; 9-7841g49] 10.2*58051] 40 
201$.7150168 , 9.931 5374 0.2839832 | 0.0584625 go 20 j 9.7844754 | !19-2155205 | 40 
21[9.7162243 j9.9314605f [92837757 | ©.2685395 29 | 21 97247630 10.2152352 33 
:2|9.1164316 [9.9313835 0.253568, | 2.0685165 | 29 | | 22 | $-9252481 | 102145515] 28 
23197166387 | 9.9313065| | ©-2533613 | 0.0686935 | 35 j 24 0785332 23] 10.2145577 | 37 
24197168458 | 9.9312294 | [92831542 |0.0687705 | 35 | 24 | 9.7255154 | 10.2143835 | 36 
25 [9.7170526 | 9.9311522 0.2829474 | 0.0588478 35 | | 25 | 9.785gooug | 19.2140995 | 35 
2519.7172554 | 9:9310750 0,.2827406 | 0.0685250 34 26 | 9.7861844 | 10.2138156] 34 
2719-7174650 | 9.9309978] [9-1825340 | 0.0690022 | 33 27 | 97854682 | 10.2135318 | 33 
28197176725 | 9-93-9205 0.23823275 | 0.0690795 32 28 | 9.78575 20 | 10.2132480 | 32 
2019.7178789 | 9.9308432 0.2821211 | 0.0691568 31 25 | 9.7870357 | 19.2129643 | 31 
3 0.7180851 9.9307658 0.2819149 0,0692342 30 | JO 9.7873193 10.2126807 ZO 
3 9.7182 912 | 9.9306883 0.2317088 | 0.0693117 we! 2 9.7875028| 10.2123972 | 29 
32|5.7184971 | 9.9«c6109 ©0.2815029 0.0593852 | 28 | 32 | 9-7878853] 10.2121137 | 28 
13 $-7187030 | 9.9305333 0.2812970 | 0.9694667 | 27 33 | 9-788 1696] 10.2118304 | 27 
34 6.7189086 9.9304557 0.2810914 0.0695 443 425 ; 34 9. 7884525 to.2115471 25 
351 $:7191142 | 9.9303781 0.,2808858 | 0.696219 25 | 35 9.788;361| 10.21 12639] 25 
16\9.7193155 9.9303004 0.2806804g | 0.06569g6 24 | =y .789c1g2] [©.21og803 | 24 
37 9.715249 | 9$.9302226 0.2504751 | 92597774 | 23 37 | 97293023] :0.2106977 | 23 
8; 9.7197 300 | 9.9301448 0,2802700 | 0.06385 5274 22 28 | 9.7295852] 10.2104148 | 22 
91$-7195350 | 9.9300670| .[©.2800640 | £.0595330 | 21 39 | $.7098581] 1C.21013:g] 21 
$9] $-7201399. 9.929G891 0.275,8601 | 0.07001cg |. 25 4c} 9.79915c8 10.2098492 | 20 
41 1$.720 (447 | 9-9299112 0.27994 53 | ©-27c0388 | 1g 41 | 97924335 | 19.2095665 | 15 
4219.7205493 | 99298332 ©.2794507 | ©.0701668 | x38 42 | 9.75c7161 | 10-2092835 | 18 
4319-7207538 | 9:-9297551 0.2792462 | 9.97024 $| x57 42 19.7909:87 | 19.2090013 1 17 
44|$.7209581 | 9.9296770|- | 0.2750415 | £.0703230] 15 44 9.7912911 | 10.203718g | i6 
4519.72116923 j 9.9295989 0.27 88377 | £.0704v11 | 15 45 { 9-7915535 10.2<84395; | 15 
— — ts A ———_ 4 
16]c.721 3664 | 9.9255207| | ©.2785336 | 9.0704793 | 14 451 9.7918458| 10.2081 542 | — 
47 [$.7215704 1 9.9294424 0.2784296 0,07055760 13 7 1 9.7921230 10.20787236 | I 
4319.7217742 | $.529364 1 C.2782258 | 0.0706355 | 12 $] 5.792 ny ns 10.:075895 | 12 
4919.7219779 | 9.9292857 0.2780721 0.9707443] 11 48 | 9-7926521 10207 3076 11 
$01$.7221814 | $.5252073 0.277818 | 0.0707527| no  5© 0.9929741 10.2070259g] I© 
5119.72238 8 | $.9291289 0.2775152 | 9.0708711 oO $1 | 9-7932560] 1c.2067440| 9 
$2|9.7225281 | $.5290504 ©.2774119| 0.9705456] 8 52| 5-7935378] 19.2064622] 8 
$319.7227913 | 9.9289718 0.2772087 | c.C7 10282] » 53 | 9:-79381g5|10.2051805 | 7 
54| 947225943 9.9288932 [0.2770057 ©,0711068 6 £4 G.7S41o11} 10.205858% 6 
$519.7231972 [9.9288145 0.2768028 | 0.07I11855 |] 5g 55 | $-7942927 | 10.2056193] 5 
$6 £7224900 9.9287358 0.27 5&00 | 0,07 12542 4 <6 c.7946641 10.2053359] 4 
$7] 9:7230025 { 9.928657 1 0.2753974|2 0713429] 3 57 As 5 | 10.2050545] 3 
$8] 9.7238051 | 9.9285783 0.27519459 [0.07I14217] 2 52 | $-7952258 1] 10.2047” . 2 { 2 
39] 9.7240075 $.9284994 | 0.2759925|0-07I5co}] I 55 | 97955021 [10.204491G] 1 
ol So[9.7242097 9.9284205 10.2757903t0.07I57;5 1 o £0 $.79457292* 10-2042IC8 | © 
| [ | Co.Arith. | Sign. | 1 | Tangent. - | 


Degrees 


5 


Degrees 3 2, 


D.j Sign. | Co.Arith, | Tangenc. Fs 
o 9.7242097 | 9.3284205 G27 $7993 0,9915795 | 2 19-7957892| 10.2042103 
1197244118 9.9283415 02755882 | 2.0716585 1 |9-7920703] 10.2035297 
2:9.7245138 | 9.9282625 0.27538352 | 0.0717375 2 |9.7953513 10.2035487 
3|9.7248155 9.9281834 0,.2751844 | 0.0718165 3 | 9.7966322 10.203,678 
4! 9.7250174 |9.9281043 0.2749326 | 0,0718957 4 |9-7969130 10.2030370 
5 |9.7252189 | 9.928025 1 0.2747811 | 0,071$745 5 | 9-7571938| 10.2028065 2 
SEAT, — Ro NN 
6|9.7254204 9.9279459 0,274579$6 | 0.0720541 6 | 9.7974745 10.2025255 
7 | 9.7256217 9.9278656 0.2743783 | 0.0721334 | 7 | 9:1977551| 10.2022449 
8 '9.7258229 | 9.9277873 | 192741771 | 0.0722127 8 | 9.7980356| 10.2019544 
9 . 9.726024c |9.9277079 0.27 39760 0.722921 9 | 9.7553160 19-2016840 
10 9-7252249 9.92975285 0.2737751 | £.0723715 Io | 9.7985 954 10,2014035 
— — CS ——— 
1115.7264257 | 9.9275490| |9-2735743 | £.0724510 9-7988757 | 10.2011233 
12 | 9.7266254 | 9.9274695 0.273373 | £.9725305 97951569] 10.2008431 
13 | $.7268269 | 9.927 3899 0.2731731 | ©,0726101 9-799437®] 10.2005630 
14197270273 |9.9273103 0.2729727 | 0.0726897 9.7997 070] 1024002330 
15 [97272275 | 9.927 2306 0.2727724 | 0.0727694 9-7959979] 10.2000 30 
16|9.7274278 [9.9271503 0.2725722 | 0.0728491 9.8002 169 10.159723 
17 | $-7276278 |9.9270711| [0.2723722 | 0.972928 9.200 5507 | 10.1994433 
18 | 9.7278277 19.9269913 0.2721723 | 0.07 $9087 9.8008 365 | 10.15915; 5 
19 [$.7289275 [9.9259I14| [02719725 | 0.9730886 9.8011 101 | 10,1984835 
20 1$.7282271 | 9.9268314| | 02717729 | ©.2731685 9.8913957] 10.1586c4 3 
21 [9-7284257 | 9.9257514 0.2715733 | 9.97 32489 9.8015752] 10.19332.48 
22 | $.7285260 | 9.9256714| | 0-2713749 | 0.0733286 9.8019545| 10.1980454 
23 |9-7288253 | 9.9255913 0.2711747 | £.9734087 9.89022340 | 1c,1977650 
24 [9-7890244 | 9.9:05112 [0.2709755 [0.0734888 9.8025133] 10.1974867 
25 |9-7292234 | 9.9254310| |0.27c7796 | 0.073560 $.8027925 | 10.1972075 
25 (9-7294223 | 9.9263506 ©.2705777 | 9-07 35493 9.80307 16 10.1959284 
27 | 9-7256211 | 9.9252704| | 9-2703790 | 0.0737256  9.8033506 | 10.1955494 
23 9.7298197 9.926 1g0ol 0.2701803 0.07 380gg 9.8036296 10,1953704 
29| 97300182 |9.9261056| [0.2599818 | 0.0738504 9.8039685| 10.1960915 
30|9-7392165 |9.9260252| |0.2697835 | 0.07359708 9.8041873] 10.1958127 
31] 5-7304148 | 99259487] [0-2595852 | 0.0740513 9-9244651] 10.1955335 
32 9.7306129 | 9.9258681| 0.2553871 | £.0741319 9.8047447 10.1952553 
33| 9-73081c9 | 9.9257875| [0-2091891 | 0.5742125 5.8050233] 10.1949767 
34 9.7310087 9.925706g 0.2689913 0.0742931 9.8053019 10.1945g81 
35| 9-7312064 | 9.9256261 0.2687939 | 0.743739 9.8055803]| 10.1944197 
36| $-7314040 | 9.92554 58 0.2585950 | £,0744546 9.8058587| 10.1941413 
37 | $-731601g | 9.9254646 0.268398z | 0.0745354 9.8051370 10.1938£E30 
*819.7317989 [99253837 0.2682C11 | 0.074616-3 9.3064152] 10,1935848 
:9 $6.7315961 | 9.9253028 c.2680039 | 0.07 46972 9.3056533 10.1933057 
40| 97321932 | 9.9252213 0.2578008 | 60.0747782 | 25 9.8069714] 10.1530286|- 
41 | $-7323502 | 9.9251408| [0.2576cg8 | c.0748592 | 15 9.8072454| 10.1927506 
42 | 97325870 | 9.9250597 0.2674130 | ©.0749403 | 18 9.8975273] 10.1924727 | 
43 9.7327838 | 9.9249786 0.2672163 | 0.0750214 | x5 9.8078052| 1c.1921548 
44 | $-7329803 | 9.9248974 ©0.26701g7 | C.o751026| 15 g9.8082829] 10.191g1)1 
45 |9-7 31768 | 9.9248161 | 0.268232 | c.o751839| 1G 9.8083506] 10.1916394 
46 19-7333731 | 9.9247349 0,2566269 | £.9752551 | 14 9.8c85383]10.1913617 
47 | $-7335553 | 9:9246535| | ©-2564307 | 0.073 3455 | 13 9.8089is8] 10191842 
48 | $.9337654 | $-9245721 | | 0-2662346 | 0.0754279| 12 9.8051933] 10.15c8057 
49 | 9-73 39614 | 9.9244907 | | ©-2650385 | 0.0755093 | 11 98094707 | 10.1905293 
5o| 97341572 | 9.9244092 0.2558428 | 0.0755908 | 10 9.8097480| 10.1902520 
51 | 9-7343529 | 9-9243277 | |0-2555471 | 0.0756723] g 9.8100253| 10.1899747 
52197345485 | 9.5242461 0.2654515 | 0.0727539] 8 9.810,025| 10.1836975 
53 | $.7347449 | $.9241544 0.2552560 | c.0758956| 7 | 9.81405726| 10,19c42C4 
$4 | 9-7349393 | $-9240827 | | 0.2650607 | 0,0759173] 6 $.8108565 | 10.1895434 
55 | 57351345 | 9.924co0lo| |0.2648655 [0,0759990] 5 9.39111335| 10.185 3664 
55 | $.7353296 | 9.9239191 ©.2646704 | 0.076080z 4 $.3114105|10.1825895 
57 | 9-7 355246 | $.9238373| [2644754 | 0-0761927 | 3 $.8116873|10.1853127 
58] 9.7357195-] $:9237554 | | 9-2042805 | 0.0762446| 2 9.3119541 | 10,1880359 
63| 9.7359142 9.92357 34| 0.2640858| 0.0763265| 1 9.81224c8|1c.'877592 
50 9.7361088 0 9.9235514 0.25389121. .0764085 | © 9.8125174 /10.1874826 
| { | Co.Arich, | Sign. | [ Tangent. | 


Degrees 57. 


| Degrees 33. 


SIC, Q.ATIE 3 
A _ a_ | | vs Tavgentr, 

9. 510SS GS £35 { 2528c 2 SY O86 _ 26 rm Rn. 
RN aSz034 Eet-464+ 634568 Me 23 "I as 9.5125174 1I0.18743.6 | 6c | 
[£:7854576 | 9:5234272 | | 0 2635924 | 00795728 ”; tf La behs omg at £4 7 
219-7359518 | 9923342 | [9.2633082 0.0766550 |? 2 | $.8130704| 10.195g2g6 | 5 

- 1210749 | 99231305 5 p4HONs ee 2. 030231 | 10.1203759 | 55 
at A —_—_ 955901] 7g Lg 5 | $.8138:53 16.1861 -07 4 

9.737737 9.72399 32 0.2527262 | 0.07990 £17 <4 — 
. 9.7374575 | 9:52 30i59 = ſept hogs. 99 6 | 9.9141755 | 10.1858245 | 5; 
?19.7375611 9.92253 .4 5.25233$9 0.077056 * 7 | 9-3144515 | 10.18554%4 | 53 
ig 0.7378546 | 9:-9-28529] [0.242145 4 | 0--771491 - ; : 7 es erin hdr 52 

9.7350 $.J22 68 4 9772 . +1849 
10|#73 aid anita was bet 50 10 | 98152795 ac: - 
—19.7382412 |9:9226358| [0.2617588 | 9.9773142 | 45 _ _— ae 
v 9.738433 5:92 25032 I ates kk £9 ” 11|9.3155554| 12.1844446 | 45 
 n385273 (9-92252%5 AS12727 0.0774298 © 12|9.8158311| 16.184118; | £8 
b g9.7 388201 | 94224377 0.251179 00775623 4 13 ren: anger 0 ten 47 

7350125 (9:7 <2354; 509871 | $:9776451 |, t4| 9.8163824| 10.1836175 | ; 
\. / "APs Eg 99509975 10.9770057 Lag Is | 9.8165580 10483312. 4s 

9.7352055 j 9-9222721 0.2607 54s | 9.977727 wh 4.75; (NP f 
o $.7393980 | 9-9221891 art ht wee! 5. _ 16 9.8159335] 10.1830C65 | y, 
12 $.7395904 49: 221062 0.25040g5 0.0778938 43 I7 9.317235 10.1827G11 4% 
9 $7397 527 9.9220232 0.2602173 | 9.977768 ps (9 | 9.8177597 2h 4, tpiy 42 

a7 4 7 092194 GO2 n:g0:! ; . ©, 2240z 
[2019-7 399748 | 9:9-194901 0.2600252 | 0.070599 | 40 21 9.8180347 tatt93s; 46 
* 9.7491 £63 9.9218370 2232 | Yay ow j} n———_— On ne 
2(9.7493587 9-9217758 T4 CI 39 by 9.8183098 10,1816502] 2. 
22197425505 9.9216505g - 19.2554495 0.078394 58 2? 5.8185 54; EICISLET zo 
27497421 [9.921673] [0.2592579 [90783527 | 35] 24 oargrb1eate8ga| 27 

1,19.7409 9216249 5 , | lBo3Cg2 
9 om wheat "I ; hel Lp e8390091 Roos 2 35 i 25 | 9.8194095 daciloons + 

6.7411251 | 9.921446] [0.2588 £ ES n028f Fog _ 
= 9.7413164 99213572 0 2286835 _—_ 34 { 26| 98195844 |[10.1803i55| 4, 
1319.74! 5075 | 9-39212737| [0.25845925 | 0.078725z 0 Hy4 90199592 pennoget | 230 
29 24750 9.9211902 0.25$3014 | 0.0782068 _ | - rs bt qe 32 

7418895 | 9.9211056 , 3 : «079491 
sf gif ts +9 a6atara] han Fre zo | 98207825 10:1792171 Jo 
119-742c 803 | 9.921022 0.2879197 | 0.9785 $4 bs MA 
9.7422710 Rs nh rk dl ———_ = 31 | 9:821c574| 10.1729426] 25 
1319-1424516 | 9.9208555| [0.2575384 | 0:2791445 : 32 | 93213317] 10.1785C83| 28 
1497425520 | 99307717 | 10.257 3480 | 00792283 25 ame 10.178 3549 | 27 

742542 .920687 of - G . .I7S11 25 
Ak = phos 18] 122571577 | £-£793122 | 25 | 35 | 9:9221545 10:1978455 25 
619.7430325 | 9.9206039 0.25696 0702 Oy YC OE F--.-; 
"a 9.7432226 pens > m9 exld, PR D 35 9.3224236 I0.17757 t4 24 
38} 7434126 9.9204390 0.2565874 | 0.0795 542 on (37 9.8227026] 10.1772974] 23 
19] 97435024 | $.9203519| 10.2563976 | 0.079548, oy - Ng $0.1770234 22 

0743792 . je : 5 17 2S| 2 
| dba ny 12500791007 73205 any -; 4298235244] 10:19647 3 | 22 
119-7435817 | 9.920 1836 0.255 : Tag " Ha. 
0 [9-7441712 | 99200594 LENA 91 | 9:3237581|10.1762015| 1g 
4319-7443505 | 9.9200151 0.2556394 | 0.085 5849 J 42 9.024970 10.1759281| 18 
441 9:7445498 | 9.9159308 0.2554502 | £.08c0592 - = Sbaggen TEAS ls 

7 g19&46 . 1] 10.175380 
45 9 deve 9.9190404 0.2552610 | 0.0301536] x5 45 |9.8248926 Pho 6 - 
619-7445280 | 9.919761 0.2 pots — Jt 
- 9.745116g9 L4-4t | ay. hens wan air 4] - 45] 982515623] 10.1748346 | 14 
48|9-7453059 | $.9195929 0.25 45944 | 0.08040 : ba. 47 | 9:3254394| 19.1745606| 1 
49] 97454943 | $-91950983 | [0-2545057 Age wp 48] 53257127] 10.174 4873| 12 
1 0-1456828 | 9.6194237 02545057 aye 917] 11 45 | 98259860 | 10.1740140 | 11 
wth bo alt 4th | «<$4317 .0805763] 10 50 | 9.8262592| 10.1737408 | 10 
<119-7478712 | c.3193390| |0.2541288 | 0.08c6410| 5 —_| —— 6 
of Aba +0 apy omg rn Sages} $1 | 98265323] 10.1734677| 5 
531 $-7462477 99191694 | 0.2537523 808306 52 | 9.8268053| 10.1751G547] 8 
541 97454358 | 5.919845 | 0.2535642 | 0.08091 5 - 53 | 98270783] 10.1729217| +5 
55 | 97466237 | 9.5185996 0.2533763 a ted, 54 | $-3273513| 10.17264847] 6 
—_— . _ . +] $5 55 | 98276241 | 10.172375g] 5| 
$6] $+746B115 | 9.918g14,6 0.2 ; 3p n= | EO IO 
57] 9-7469592 5 9188256 en ge = +. : 56 | 9.327859 |10.1721031 | gf 
581 $.7471866 | $.9187445 0.2528132 ae ſrhing, ; 57 PCANLOOY 10,1718304 5| 

| 59 Erbet 6 99180554 0.2526257|0.0313405| 1 | - Irs T0277 2 
019.747561 .GI857 Y 7 OR ef . 1C.1712551 I 
— 7 99 —lecs 0.2524383! 0.c814.581 © 5ol 9.328987 x) 10.191c1:6] © 
= AM | = | |- Co.Arich. | Sine. | | tz | Tangent. | | 


ths a... 


| Degrees 56. | 


Degrees 34- 


— —— —  — —— -—<—— OO — 


© — 


"2 Sine. | Co.Arit!, | | | | Langent. 
0, 9.7475517 | 9:9185742 0-2524333 |v.0314255 | - o | 98289274} 10.1712125| Go 
1 | 9.7477483 | 9-9134890 G.2522511 | 2.081510 | c 1 | 9.8292595| 19.17c74o1 | 59 
219.747 9350 9.3194937 0 2529546 | 0.9915963 | 5) 2 '$.5295323| 19.1704599 } 8 
3 | 9-74-1230 9.3183183 0.2518770 |0.2316817 | 5» 3 9.3298047]Ic.I7-1g;30 £5 
4197483059 9.9132329 £.2516991 | 0.0815 671 | $5 4 9.830769 19:1535251 y 
5 | 9.744567 9-3181475 9.2515933 | ©.98I8525 | 55 5 \ 9.8303492| 104698508 | ce 
tm} ————_—_—_ ; a | —— 
6|$.7485833 | 95180620 0,2513157 | 0.819380 | ; | 6 9.830621} | 10.16g3787 54 
7 | 9748865 5 | 9.2179764 0.2511302 | C.05242.36 | 53 . 7. 9.838934 | 10.1551055 53 | 
8 |$9.7450562 9.917898] 1 2.2505438 | 0.0521092 | 52 8 9.8311554| 19.1683346 |) 
9 |9.7452425 9.917805 1 0.2507575 | 0.921949 | 51 9 9.2314374 | 19-1625626 = 
10 | 9:74942%7 | 99177194 0.2505713 | 0.0322805 | 50 15 | 9.8317053 | 19.1582907 p40 
11 59.7495148 ! 9.9176335 0.2503852 | 0.082366, | 45 11|9.83198$11 | 10.458018g] _ 
12 9.7498co7 | 9.9175478 0.251953 | ©.0724522 | 48 12 |9.8322525| 10.1677471 H: 
13 |$-7499856 | 5.9174519] [0.2500134 | c,0825381 | 1 13 | 98325245] 19.1674754 |; 
[4 9.7501723 9.9173760 ©0.2458277 0.08 26240 45 4 9.8327963 10.1672037 46 
ts | 97593579 | 9-9172900 0.2455421 | 0,.C827100 | 15 15 | 9.8330579| 10.1569321 45 
1619.7595434 |9-9172940 | - [0.2494555 | c.0827960 | 4, 16] 9.8333394| 19.16556c6 as 
7 9.750728719.9171179]' [0.2452713 | 0.082g821 43 17 | 6.8335 109} 10.16632g1 12 
18 | $-75<9140 j 9-9170317 ©.2490860 | 0.082983 | 42 18! 9.8338823|19.1661177 42 
19 | 9.751093 1 G.9169455 0.24895c9 | ©.0830545 | g1 19| 9.8341535| 19.1658464 41 
20 |9-7512842 | 9.915859; 0.2487158 | 0.0831407 | 40 20 | 9.8344249| 191655751 | 
21 [$-7514691 | 99157730 0.2485 309 | 0.0832270 21 | 9.8346961 | 10.1653039| .. 
22 | 9.75165 38 | 99166865 | [0.2483462 | 0.0833134 - 22 10-1650327 ; 
22 19.75 18385 | 9.9165002 0.2481615 | 0.0833998 | 37 23 | 5.8352394 | 19.1647616 27 
24 [9-7520231 9.9165137 0.247976 |9:0834853 | 35 24 | 9.835 5094 | 109.1644905 26| 
24 |9-752207 5 | 9:9164272 0.2477925 | 9:9835728 | 35 25 | $.8357804 | 10.16421g6 35 
25 |9-7523919 | 9-9163406 0.2476081 | 0.0336554 | 34 26 | 5.8365513 |10.1639487 34 
27 9.7525761 | 9-9162539 0,2474239 | 9.0337461 | 23 27 | 9.8363221 | 10.1535779 33l- 
28 | 9.7527602 | 9.9161673 0.2472358 | 0.0838327 | 32 28] 9.8365529] 10.15 $4071 | 22 
29| 97529442 | 9916080; [0.24705 58 [0.0839195 | 21 29| 9.8358636| 10.1631364 | 2, | 
30|9-7531280 |9.9159937| [0.2468720 | 0.084063 | 30 30 | 9.3371343| 109.1628557 | 
31 9.7533118 9.9159059 0.2465882 0,0840931 29 31 9.8374049 10.1625951 29 
*22| 97534954 | 9-91 58200]  10.2455046 | 0.0841800 | 28 32 | 9.8375755| 19.1623245| 8 
33| $:7536790 | 9:9157330| [0.2463210 | 0.9842670 | 25 33 | 98379460] 10.162c540] ,, 
34| 9-75 38624 9.915646c 0.,2461376 | 0.0843540 | 26 34 | 9.8382164| 10.1617835 | 25 
35| 9:75309457 | 9:9155585| 192459543 | ©-844411 | 25 35 | 9.3,34867| 10.1615133] 2; 
36| 9-7542288 | 9.9154718| [0.2457712j0.0845282 | 24 35 [9.838757] 10.1612429| 2, 
37 | 9$-7544119 9.9153846 0.2455881 | 0.0846154 | 23 37 | 9.835027 3] 10.1609727 | 23 
38] 9-7545949 | 9:9152974 0.2454051 | 0.0847026 | 22 | 38 19.8399275 | 10.1607025 | 22 
291 $-7447777 |$:9152151] 1c.2452223 | 0.08478599 | 21 | 35 | 9.8395676 | 10.1604324| 21 
| 40| 97549604 | 9:9151228| 10.2450356 | 0.0848772| 20! 40 | 9.8398377 | 10.1601623| 2, 
| 41 | 9-755 1431 | 9:9159354| |©-2848569 | c:0849646 | 19 | g1 | 9.8401077| 10.1598923| 1G 
421 9-7553255 | 9:9149479|. [9.2446744 | .c550521 | 18 42] 9.840 3776] 10.1596224] 18 
43 9.7555080 9.9148504 0.2444920 | 0.0551396 17; 43 | 9.8406475 | 10.1593525 | 157 
44 | 97556992 | 9-9147725 0.244 3098 | C.0552271 16; 44 | 9.8409174 | 10.1590825 | 16 
45 |9-7558724 | $-9146852| [0.2441276|0.0853148| 15 45 | 9.8411891| 10.1588125| 1g 
46197560544 | 9-9145976 0.2439456 f £.0854024 | 14 | 4519.8414569] 19.1585431 | 14 
47 | $-7562364 | 9:9145059 0,2437635 | 0.0854904 | 13 | 47 | 98417265 | 10.1582735 | 1, 
48 | 9-7564182 | $-9144221 0,.24358:18 | 0.855779] 121 $8] 9.8415961| 10.1580035 | 12 
49 | 9:75655$99 | 9$-9143342 | | 0.243401 | 0.c856658| 11 | 49 | 9.8422657 | 10.1577343 | 11 
50| 9.7567815 9.9142464 0.2432185 | 0.085 7536] 10 | 50 | 9.8425351 10.1574649 | 10 
$1 | $.7569630 99141534 | 0.2430370 | 0.0858416] 9g. $1 | 9.8428046| 10.1571954| 9 
52 | 9-7571444 | 9-5140704 0.2428556 | 0,0859296| 8 52 | 3.8430739 10.1569261| 8 
1531 $-7573255 9.913982 0.2425744 | 0.0850176| 7! 53 | 9.8433432 10,1565568| +7 
54 | 9+757 5068 $.9138943 0,2424532 | ©.c&6I057] 6, 54 | 9.8436125| 10.1563875 |. 6 
55| 9-7576878 | 9.9138051 0.2423122|0,o861939| 5 55 | 9.8438817 | 10.1561183] 5 
55 | $-7578687 | $:9137179 0.2431313 | ©.0862821| 4 | 56| $.8441508|10.1558492| 4 
57 | 9:75809455 | 9:9135256 0.2419505 1 0. 0863704 3 57 | 9.8444199 | 10.1555801 3 
58 9.7582302 $.9135413 10.24174gs | 0.0254587 2 | 58 | 9.8445889 | 10,1553111] 2 
59| 9-7584108 | 9.9134530 | [0.2415892 | 0.0865471 | 1! $9 | 98449579 j19.1550421 Þ 1 
601 9.7585913 * 9.913364 5 0.2414c87! 0.0266355 | © 6ol 9.8452268) 10-1547732] © 
| | { | Co.Arith. | Sine. | | | | Tangent, | 


Degrees 55. 


Co.Arich, 


Degrees 35. 


D.j Sine, [2 
co eI_mo—rnn gy "RAR ts ww "= w__ 
019,7585913 | 991335 45 02414037 | 0.0866355 | 50 © ;9.84522658$] 10.1 47732 | 60 
I 9.7 557717 9-9 03<700 9.2412283 2,0867 240 59 I 9.8454556 10.1545044 | 59 
219.7539519 | 9-913 575 O 2410481 | 0.0868125 | 58 2 |$.8457544| 10.1542355 | 58 
219-7591321 | 9.5139589 0.2408679 | 0.086g011 | 57 3 |9.3450332| 10.1535658 | 57 
4197543121 9.91 Zolo2 0.2406879 | 0,0859898 | 55 4 ! 9.8463018| 10.1535932 | 55 
5 19-7594920 9.9129215 0.2405030 | 0.0870785 | 55 5 | 93455705 | 10.1534295 | 55 
619-7596718 $.5125328 0,2403232 | 0.0871572 | 5g 6 | 9.8469390 | 10.1531610 | 54 
q19-7598515 9-2127440 0,2401485 | 0,0872560 | 53 7 | 9.8471075 | 10.1528925 53 
8; 9.700031 9.9126551 0.235g589 | 0.0873449 52 8 | 9.847 3750 10.1525248 | 52 
9 7602109 9.91 25502 0.2357394 | 0.-8743383 | 51 9 | 9.8476444 | 10-1523556 | 51 
to | 9-760 3999 | 9-9124772 0.2359101 |0.0875228 | go 15 | 9.8479127| 10.1520873 | 50 
11 19.7605692 | 9.91 23882 c,23943-3 | 0.0876118 | 49 11 |9.3431810] 10.1518190] 49 
121 97597493 | 99122931 0.2352517 | 0.0777009 | 48 12 | 9.8484452| 10.1515508 | 48 
1319- 1529274 { 6.912209 0.2359725 | 0.0877gol | 47 13| 95487174] 10.1512826 | 47 
"7 9.7611063 j9.5121207 0.238897 | 0.0878793 | 45 14 | 9$-5485855| 10.1510145 | 45 
15[67612 22 $87 HETIES 0.2387149 |j 0.0879685 | 45 Is | 9.2492535|10.1507454 | 45 
161 9.7614538 9.9119422 0.2385352 | ©c.0580578 | 44 16] 9.7455216]10.1504784 | 44 
17 (97915424 9.9112528 0.238 ;575 | 0.0881472 | 43 17 | $.3497896] 10.1502104 | 43 
| 131 9-7618208 | 9.9117634 0.2381792 | 0.08823656 | g2 18} 9.8500575 | 10.1499425 | 42. 
s [|19|5-7515592[9-9116739] [9.2350028 [0,0883251 | gu 19 | 9-38503253| 10.1496747 | g1 
c 2019-7621775 19.9115344 0.2378225|0.0884156 | go 20 | 9.85055;31 | 10.1494069 | 40 
4 21 (19-7623559 | 9.911 4548 0.2375444 | 0.0885052 | 39 21 | 9.8508508|10.1491392 | 39 
I 22 (9.3625337 [9.9114051 0.2374663 | 0.038594g | 3g 22 | 9.8511285| 10.1488715 | 38 
f 23 9,7627116 [9.9113155 0.2372884 | 0.0886845 | 35 23 | 9.8513951| 10.1486039 | 37 
24 9.7628394 | 9.9112257 2.2371106 0,.0887743 35 24 | 9.3516537 | 10.1483353 | 36 
25 9.7530571 [9.9111359 0.2369329 | 0.0888641 | 35 25 | $.8519312|10.1480583 | 35 
2519-7632447 | 9.91104%0] 1 ©0.2367553 | 0.889540 | 34 25 | 9.3521987 [10.1478043| 34 
2719-79 34222 | 9.9919561| . [0.2365778 | 0.05850439 | 33 27 | 9.3524561 [10.1475329] 33 
28[9-7535996 | 9.9018661} 10.2354004 | 0.0891339 | 32 28] 9.8527335 | 10.147 2565 | 32 
29 9.7637769 1 9.9017961 0,2362231 |0.0892239 | 31 29| 9.8530008| 10.1469992 | 31 
30 9.7639549 | 9.9016850 0.2360460 | 0.0893140 | 30 3o| 9.353258c| 10.1457320 | 30 
z1 9.7641311 9.9105959 0,2358589 |] 0.0894041 | 29 31 | 9.8535352| 10-1464648 | 29 
32] 9-7643-82 | 9.9105057] 10.2355920| 0.0894943 | 28 2] 9.85 38023] 10.1451977 28| 
131 5-7644879 | 9.9104155} [0.2355 151 | 0.0895845 | 27 33 | 9-35 20694| 10.1459306] 27 
341 9-7645616 | 9.91c 3251 J0.2353384 | 0.0856749 | 25 34 | 9-3543355| 10.1455635 | 25 
25 9.7648382 | 9.9102348 0.2351618] 0.c857652 | 25 35 | 9.8546034| 19.1453565| 25 | 
36] $-7650147 | 9.9101444 0.2345853| 0.0898555 24 | 35 | 9.8548704 10.1451296 24C 
371$-70;1911 | $.9100549 0.2348089 | 0.08g99461 23| 37 |9.8551372] 10.1448628 23þ 
381 9-7653674 | 9.95299634 0.2346326 | 0.0900366 | 22 38 19.8554041| 19.1445959 | 22 
79 $.7655436 | 9.9098928 -.2344564 | 0.0901272 | 21 39 | 9.8555708] 10.1443292| 21 
40 9.7657197 | 9.9097821 0.2342803 | 0.0902179 | 20 40|9.8559376] 10.1440524 | 29 
| 41|9-7658557 | 9.9095g15 0.2341043 | 0.0903085 | 19 | 411] 9.3562042| 19.14375958 | 19 
42|9-7060715 | 9.9096007 0.2339285 | £.0503993 | 18 ; 42] 9.8564708 | 10.1435292| 18 
43|9-7662473 | 9.50930g9 0.2337527 | 0.05045Gol | 17 431 9.8557 374 | 19.1432526 | 17 
44 | $-7E64725 | 9.5:94150 0.233577 1 | c.09505810| 15 44 | 9.8570039 10.1425961 | 16] 
4519-7565945 | 9.5053281 | [0.2334015 | 0.0906719| 15 45 | 98572704 | 10.1427256| 15 | 
4619-7669739 | 9.50g2371 0,2332261 | 0.0507629 | 14 451 9.8575368 | 19.1424632 | 14 
47 | 9.7669492 | 9.5051461 0.2330508 | 0.09085 39 | 13 47 | 9.8578031 | 10.142196g | 1; 
48| 9.7671 244 | G.5090550 0,2323756 | 0.0909450 | I'2 $3] 9.8580694 | 19.1419306] 12 
49| 9.7572596 | 9.59085639 0.2327004 | 0.091036 | 11 | 49 | 9.8533357 | 19:1415643| 11 
50 $.7674746 | 9.90857 27 0.2525254 | 0.0g11273 wad 50 | 9.3586019|] 10.1413981 | 10 
ql | 97575454 | 6.9087814 0.23235c5 | £.0912185] 9! $I | 9.3583680 | 10.1411320} $ 
52 | $.7678242 | 9.g085Ggor 0.2321758 | 0.0y913c99] 8 | 52 | 9.8591341| 19.1408559} B 
3 | $.7679985 | 9.5085580 0.2320011 | 0.09 40I2]- 7 | 53 | 9.3594002| 19.14059g8] 7 
$64 | 9-7E81735 | 5.g9085073 0.2318265 | ©.C914927 6 54 | $.8595661 | 19.1403339} 6 
55] 97683480 [9.g084159] [0.2315520 [00915840] 5! 55 | 98559321] 101400579] 5 
S— - —_ —  — PR m—_— a _—_— _ , —- 
$5] $.7585223 | 9.9c83243 0.2314777 | ©.0916757] 4 56| 9.8601980|10.1398020] gz 
57] $.76855965 | 9.9082327 0.2313034 |© 0917673] Z' 57 | $.8504538[19.13953352] 3 
5$] $.7688707 | 9.G081411 0.2311293 |0.0918589] 2 58 | $.95072g96]10.1392704] 2 
59| $.7550448 | 9.5080494 0.2303552 | 0.0919506 I | 59 {| 9.8605954 [10.1390046] 1 
6019.,7652187 9.9079555 | 0.2307813! 0.099204241 © So $.8612610110-1383739. © 
| ſ {| Co.Arich. | - Sine... | | E1 | Targenr. | * 


Degrees 54: 


 —- — 


- 


D.i Sign. | Co.Aritil. | | | Tangent. Od 
— | —} - | _ _ — —_ __ 
0, $.7692185 9:9079579 Q 97903 C.5920424 | 50 > | 9.851 2515 10.1387395| 60 
1, 9.7653925 G.YO7TS2 55 ©,23909075 1 -.CQ21342 | 8% I | 9.8515 257 lo.1384733 59 
29.765 5562 | 9-59777 49 0 2304338 | 2.0922260 | 58 2 | 9.3917323, 10.1389277 | 58 
3 9-7697358 | 95070520 RIDE 100 ZIHPA T1932 3 92320578| 10.1379422 | 57 
4 | $-7095134 9907899 1 2300856 , 0,03240,9| 55 +: 9.5923233 10.1375767] 55 
5 9-77-0850 9.9-7459- 2299132 10.0725020 | 55 5 | 9-52925567| 10.1374113 5% 
wt — — _— | — 
6 $.7702601 | 95974959 | [0.2297359 | ©:2925541 | gy 6 9.5523541|10.1371459 | 5, 
7 | $.7704332 9.9973133 0,2295858 | 0,0925852 | 53 7 | 9.35311S5| 10.1358805 53 
g 9.7705063 | 99972216 -2293937 | £-9927784 | 52 8 | 9.3533348 | 10.1365152| c2 
9 9.7197793 [99071293 0.2292207 | 0.92707 | 51 g.| 9-2036500 10-1363592| 51 
10. $.7799522 | $:927-37c 0.2290478 | 0,9, 29630 5© pe | 900391 52 10.1 360848 59 
1 ($.7711249 | 9.998944 | [o.2288751 | 0,.0935554 | gy 11 | 9-9041803] 10.1358197 | 49 
12 | $.77 12976 9.9065 522 0.2287024 0.0931478 48 12 | 9-5944454 10.1355545 48 
TY 714702 9.9067597 0.2285238] 0,063240 3 47 13 9.8647105 19.1352895 | 47 
14 9-7716425 9.5056571} 0.2283579 | 0.4933329 | 45 14 | 98649755] 10.1350245 | 45 
is ©.7718150 9.90965745 0.2231d50 | 0,0934255 | 45 rg) 9992404 10.134759E | 46 
16- 9.77 15872 9.9024319 0.2280128 | 0,0935181 | 44 16| 97555053] 10.1344947 44 
(7 | 97721593 9.963392 0.2278487 0,.2935108 43 17 $.8657702 10.1 3422923 43 
131 9.7723314 | 9:9992964 |- 0,2275686 0.0937036 | 42 18 | 9.3550750[10.1349550 42 
19 | 9:7725933 9.9062036 0.2274997 | ©£:0937954 | 41 19 | 98652997] 10.1337003| ay 
20 $.77267 51 | 99001107 0.2273249 | £.0938293 40 120 9.8555544 10.1234;56 40 
21 | 9-7728468 9.9080177 0.2271532 ©,2939823 39' 21 9.8658251 I0.,1331709] 39 
| 22 | $477 308 15 | 9:9959247 0.22*25dls [.0940753 | 38 22 | 5-8670937 | 101325053 38 
23 (9.7731999 9.59058317 0,22E8100 0,0,41683 37 1 >; | 9-3$73583| 10.1326417 37 
24 9.773;614 9.9057 ,86 0.2265 386 2.0542614 26 24 - 9.867228 | (0.1323772 36 
25 $.77353127 9.9956454 0.2 264573 0.0943 549 35 26 9.8678873 10.1327127 | 35 
25 197737039 | 99955522 0.2252561 | 0.0944478 | 34 #5 | 5-3681517[10.1318483| z4 
27 9.7748749 | 9-9954 585 ©.2251251 1 0.094541] 23 27 9.8584150|10.1315840 33 
28 | 9.774945 - | 99953656 0.2259541 | 0.0946344 32 28 | 9-$626804|] 101313156] 32 
29|9:7742168 |9.9054722] [0.257832 | 0.0947278 | 31 29 | 986334451 10.1310554[31Þ 
30 9.7743376 9.905 17387 ©0.22509124 0,0549213 30 20 9.859208; I0.1307SI1] 30 
31 9.7745583 | 9:905-852 0.2254417 | 0.0949148 | 2g 31 9.5594731] 10.13c5269| 29 
32| 97747288 | 9-5249916} 10.2252712|0.0550-84 | 28 22 | 9:3097372| 10.1302528| 2 
33| $:7748593. 9.99485 80 0.225107 | 0.2351020 | 2% 33 9.570013] 10.1299987 | 27 
34 $:775<697 9.9-45-43 9.2249393 | £.0551957 | 26 3.4 | 9-37-2553] 10.1297347| 25 
35 97752399 9.9047 105 2.2247601 | 0.0552594 | 25 35 9.3705293] 10.1294707| 2 
36' 97754101 | 9.9045168 -.2245859 | £.0953832 | 24 25 | 95707933] 10.4252067 24f 
37 | 9:77 55861 $.9945230| 0.224449 | 0.0534770 23 37 $.8710572] 10,1289428] 2 
33; $-7753<01 | 99044291 0.2242499 | 0.0955709 | 22 28 | 9.3713210] 10.1286799 | 22 
29! $-775$199 | 99243351 ©,224ce&1|o0.0,54649 | 21 29 19.87 15848 10.1284192] 21 
| 40i 9-77 60897 | 9:9942411 0.2239123] ©.5957589 | 25 40 9.3718436| 10.1281514] 29]. 
41 | 9-7762593 G.9041470 0.2237407 | £.c5958530 | xg | 41 | 9-3721123] 10.1278377 | iG 
42 9-7764289 | 9-5049525 0.223571110.05959470] 18} 42 $.572375$| 10.1279240] 18 
43 | 9-77E5983 9-9235587 0.2234017 | 0.05CofL3| [5 43 9.3725395| 10.12935c4 | 17 
44 | $-7757676 9.5030544 ©.2232324.| C.C961350 15 | 44 9.8729032] 10.1270568 | 16 
45 {9.7769359 | 5-5037701 0.223-631 | 0.0562499 TY 4« | 9-$731668 | 10.1268332 | 15] 
| nr | —— ' —_ Cha 14 
46 9.777 1060 9.5035757 0,2228340 | 0.c953243 14 | 45 9:3734322| 10.,1255598 | .— 
47 | 97772750 9.50 35813 0.2227250 | 0.0564187 | 13 1 47 9.3736537 | 10.1263063| 1: 
48 | $:7774439 | 5:5034868 } [0.2225551| 0.c965132| 12 | ;8} $-3739571] 10.1260429 | 12 
49 | $-7776128 | $-5933923 0.2223872|c.-356077 | 11 49 $.8742204| 19.1257756| 11 
go | 9.777715 | 5-5032977 0.2222185 | c.04,57023| 10 5c 9.8744838] 10.1255162| 10 
51 | $:7779501 | 5-9-3231 0.2220499 | 9.999767] 9g $1 | 93747470] 10.1252530| 5 
62|$.7731186 $.5031084 ©.2418814|0.c,62G16] 8 52 9.875c102| 10,124598;8] 8 
53| 9-77 32870 95030135} 0.2217130| c.256,56&4| 7 53 9.8752734| 10.1247256] 7 
$4 | 9$+7784553 99089085 ) 0.2215447 |o.cgyo2l2] 6 $4 | 54375539 |10.1244635] & 
55 i 9.7786235 | 99928239 0,2213795[0.cg97y176L1] 5 55 | 9.3757956| 10.1242045 5 
Fea . . oy LT bates AN 
56 | $-7787515 | 9:9027229; [0.2212c84 [0.099371 | 4 56 | 9.87E0927 [10.1135373] 4 
571 $.775$555 | $:9925339; [0-:2104c4 jo cg7,6514Þ] 3 57 | 9:8763257 10.1236743] 3 
58] $-7751275 | $-9925559), 0:2205725|o.cg74611] 2 53 | 9.8755 886 10,1234114] 2 
59 | 977929: 3 | $:5924435; [o.22c70 pp lcowvg7ggs2| nf $9 $9.38768515[10.1231425 | 1 
5019.7754530 1 9$.9023.186 0.220537cl 06,297Ggiq ht © 451 9.8371144 j10-1222836] c 
| | { | Co.Arich. | Sign, | | | | Tangent. | 


Degrees 5 3. 


mm OIII—_ —_ 
\ 


TYRPTnE" - ABS 


POTTERS Fat WIE A. TRE De) 


2 Oe: ow a 6 


cas, 


faint ro fs 103251 Race 
. 


— 


Degrees 


TE) 
P 


| Tangent. } 
—_— 2. Arich. — IR 
D. Slglt. r CI ; ES Melia DOES BT 9.8771144 ' I&,1225856 69 
"oe n40 4620 1 9.9023485 0.22.537< 0.05705 t4 2 A 9.8773772 10.1229228 5g 
w 971549 57 $.95022534 GC,2203094 0,0977499 ) - : .877 94co Io 1223600 5&3 
$3779930 502000 0.2252019 | 9--978419 | 58 2 0.3779027 ' 16,1220973 57 
2 tide th >.co20528 2.2200345 Dh fot) 57 ; g.8781654 j 1-.1218346 5; 
WT19909Y | 70 EEE 2158572 | 0.0980326| 55 a-Q ae Lead c 
YEE boos nit 2 ted et MY je 5| 98784288 | ioebans71s , 55 
] ny | RbDay PEREINS Foc 5 | $.8785go7 j 101213093 | 54 
< [9.780457 1 | 99217764 | | 0.219532 j 92982235 | 54 $.8787933 | 19.1210457 , 53 
fee | 9.90168c8 | | 0.2153659 | 92583192] 53 $\$.8792158 | 10.1207842 55 
. M obora 25015852 mgTggo | Can age 52 : $.8794782 4 10.12052158 c1 
4a > Aa. 21$H032 ; ; E.Sy9STtoShH gy | ©25G} : 
of a 16 ——_—_—_— 11 | 58300931 | 19.1195959 | 4c 
FE is 0-44 9.012990 .21 vCGYO DO ONR 49 4 .8802654 1.119736 48 
Fo. Fa mn 9.9012021 0.215325 | 2-977, | 48 0 9.8805277 | 10.1194723 47 
21972212 | 59011062 | | v.2183361 | 0.0588938 | 4, 13 | 5.8807500 | 10.11921C0 45 
1349-7816339 TOTES e.21819g8 | 9.0989898 | 15 1, .$810g22 19.1189478: 4. 
14 BIEI9ES punt, 0.2280336 | 9.0990858 45 15 | -* ET OR. 45 
Is 9.7819504 FEY | "| — | 9.8813144 | 1C.1186856 , 44 
wy 4, 24 | 9.5c08181 0.2178575 | 2.0591819 ++ a6 9.8315765 10.1154235, 47 
16 4 be 3.900729 ©,2177016} 0.0992781 | 12 "7 | 9.881838 | 101181614 | 2 
17 4 4 yr I0s 54 0.2175357 | £-2993743] 42 19 $.882 1007 16.1198993 | 7 
18]5-7824543 | 9: 05294 0,2173699 | £-9994799 | gx 5 9.8823627 10.1176373 ©: 
9 ERS = ©.24172042 0,099 5909 4 ay 2 NI hs. Aka D 
s ek 6 EE 21 | 9.8825246 | 10.1173754 | 25 
=] 820614 19:9003367 0.2170385 | £.09995633 | 29 22 | 98828356 | 10.1171134 | 38 
7119-7 — 9.509 4403 0,2168732 | 02997597 , 38 22 | $.8831484 | 10.1168516 . 37 
22 [9:7834200 3 9001437 | | 92167078 | 09998564 | 3 24 | 98834103 | 19.1165899 : 36 
23 19-133-9<< | 7 20004792 0.2165425| ©.2959528 | 35 *4 $g.8836721 | 19.1163279 ' 35 
14 [9:7934575 "8599506 | |0.2163773 0.1000494 | 35 2 — | I : 
25 [9.7835 227 ded ———_ 26 | 5.8839338 | 10.1160652 34] 
&10.0825858 9.9598539 0.2152122 | ©.1001401 | 34 27 | 9.884156 | 10.1158084 33 
26 ENS: 5.8997 572 0.216047 2| 9.1002428 | 33 28 | 9.8844572 | Io.1155423 32 
p7: 97835525 0.896504 0.2158823 | ©.1903396 | 32 25 | 9.83 ,7189 | 19.1152811 | 31 
281 5.7841177 | 72>» 536 0.2157175| 0.100454 | 31 <4 8849805 | 101150195 3<þ 
29 79429424 > Son 0.2155529 C,l 4-$353 Z© © 3. I> 2 Dy 
30 9.794447 © 92794 — EE nn 3" 9.835240 | 10:1147580 |! 2c 
a (0.0845 117 | 9.859,657 0.2153383 | 0-1006303 | 25 22 | 9.8855035 | 10.1144g65 i 28 
zl by ny; 9.8992727 0.21522;8 C,1007273 28 * $.8857E650 10.1142350 27 
1 353c105 198991755 | | 0:2150554 | 0.008244 | 27 4 | 53860264 | 10.1139735 | 2: 
5 W349 402 pl Mg 13. 0.214895 1 | 2.100920 | 26 34 8862878 | 10.1137122 25 
4s dtd $4601 | -|— 35|9.8865452 | 10.1134508: 24 
Kloo8caze: | 0.8588840 | | 0.214568 0.1160 | 24 2- | 9.856b105 | 10.11318g5 | 23 
AM Has 9.852735 0.2144028, 0.LOI2153| 23 "8 $.8870718 | I0.1129282 | 22 
A Lat $4466 0.8535893 0,2142389 , 9-1013107 | 22 >4 $.8873330 | 10.1126579 | 21 
* Ge 19] |©£.2140751| 0.101403 } on 4 | 53875942 | 10.1124058 | 2c 
35 $78 55245 | 9-095 co 02139114 |0.1015056| 25 40 | 5.3875 os 
4 9.78608380 ', y.9)045 | 2] - 9.8378554 | 10.4121446| 1, 
119.7852522 | £.2983458 0,21 37478 | 0.101503. | 19 42| 9-8881165 | 10.1118835 | 1+ 
4 my pa 9.8332592 | 0.213543 0.107023 $0; | 121 9.8883775 16.1116225} j-f 
$# ACS 8982615 | 0.21:342099 0.10179%5 I7 45 9.8830386 : IO.LI1IGSG1, 14 
9319192517 © 8 21028 0.2132576| 0.1015y02| 16 + 5.8838g35  10.1111004 | jc 
bh 97957424 ” Mo 0,21 30944 | 2:-1219>40 | 15 DL eek, 
4d LM fc. ; «to. 45 98851605 | 10,1108395 | 1 
ES. 2.26089 0,21293i3} 0-1020y10 | 1, # J 0.1105785 | x > 
i apa " Cobina «, 010215897 | 12 +7 nn. 1x43 + 
ot $70 73307 eh,  0.2126054 | 01022877 | 12 r 9.8895432 10.1100568 | yy 
4b at Fas. ped 3 2 0.21 24425 | 2-1923557 | 11 24: ,.8902040 10.1097960 | tc 
a i SET: .22508 fo.toagt3s] io FL. — |. 
| j 9.7877202 | 9.897 $192 mano Þ — ys - 58504647 | 101095353 | cf 
378823 6.38974 181 C.21I121172 0,1025819 9 52 53.8997254 10.109.740 e 
J g mall £4 216 0.2119547 | ©.1-265001 | 8 > | 9.8909851 | 10.10Got3g | - 
NE oa | GEE Fiauroees EORTTEN 3 53 | 58912458 [10.1087532 | | 
53 vent, ep cbs ; 0.2116299 | 0.128767 | 6 54 3.8G15074 | 10.1084925 | « 
+ 4 Choe pn he 0.2114677 |0.192975L] 5 $517 4444756} th 
1(- MAGE fn 7 — KerE wr 9.8917679 | 10,1082321 £ 
«6\ 9.742544 [9.8569265| {0.2113-55]0.1930735| 4 37 | 98920485 | 10.1079915 | 
A ISS $a 0.2111435 |<-1931722] 3 -2 | $.8922890 | 10.1077110| + 
$719-76 " ppt reg ; 0.215816 (0.10327-9] 2 2p 95.8525494 | 10.1074-06 
ay 7 o.2,55308 {c.2103198[9.1933%92| 1 2” 15.8928098 |10.1074902| c 
6772-542: l98555;21| )oarcdg$s Þ.1034975} 


| Co. Arith. 


| -S1gn. 


| 


| Tangenr. | 


Degrees 5 2. 


Degrees, 38S. 


D, Sine. Co. Arith, Tanpenr, : 
o | 9.789342c | 9.8965 321 9,2105582 | 0.1934579 | 60 I ' 16,1071902 | 60 
1 [9.7855036 | 9.8964334 0.2104564 | 2.1035655 | 5g | 1]9.8930702 | 10,1069298 59 
2 19.7896652 | 9.8563 340 0.2103348 | ©.1-35954 | 58 2 9.8533305 | 10.1065<g4 58 
3 9.7898256 | 9.8562358 2.2101734 | £.1937542 | 57 3 | 9.89355$99 : 10.10540g1 57 
4 | $-7899880 9.8551359 ©.2100120 | ©.10,8631 | 55 4 | 9.89g8511 ( t0,1061489 | 55 
g | 9:7991493 | 9$.8966379 0.2-58507 | ©.1035621 | oc 5 | 9.8941114 { 10.1058885 | 55 
6 | 9.7503104 | 9.8959389 0,2c5g68990 | 0.10405SI11| G4 6 |9.8943715 | 10,1056285 54 
7 | 97904715 | 9.8958398 0.2095285 |} 0.1941602| 55 7 | 9.8946317 | 10,1053683 | c5 
. $ | 9.7905325 | 9.8957406 0.2093675 | ©-1942594| 52 8] $9.8948918 | 10.1c51082 62 
g | 9:7997933 | $.8956414 0.2092057 | 0.1043586| 51 g | 9.3951519 | 10,1048481 | cp 
16 | $:7599541 | $.8955422 0.2090459 | 91244578] 50 10 | 9.8954119| 10,1045821 To 
1119-7511148 | 9.8954429 0.20388852 | 0.1945572] 49 11 | 98556719 | 101043281 | ,5 

1219-7912754 | 9.895 3435 0,2087246 | 0.1946565 48 12 | $-38959319] 10.10405Y1 48 
13 | 57914359 | $.85952440 0.208564T | £.1947560 47 13 | 9.8961518} 10.1038082 47. 
14 | 97915963 | 9.8951445 0.2084037 | £-1948555 | 45 14 | 98954517 | 10.1035483 | 15 
15 | 9-7917556 | g.8950450 0.2082434 | 2-1949550 | 45 15 | 9.3967115 | 10.1032884, 45 
16 |9-7919163 | 9.8949453 0.2080832 | 01050547 | 14 16 | 9.89597 14 | 10.1030285 | ,, 
17 | 9$:792070g | 9.8948457 ©,2079231] &-I051543] 45 17 | $:8972312 | 10,1027688 | ,, 
13 | 9.7922369 | 9.8947459 0.2977631 |.9-105254E | 12 18 | 58974910 | 10.10250g0 | 
19 |$-7923968 | 9.8946461 0,2075032 | -1053539| gy 19 | 9.8977507 | 10.1022493 41 
20 | $.7925556 | 9.8945453 0.2074434 | 91054537 | 40 20 | 9.8980104 | 10.1019896 40 

21 [9-7927163 | 948944463 0.2972837 | ©-1055537 | 39 21 | 9.8982700 | 10.1017300 [| 39 
2 | 9-7928760 | 9.8543464 | | 0.2071240| ©.1056535] 38 22 | 9.8585 256 | 10.1014704 | 38 
23 |9-7939355 | 9 8942463 0.2069645 | £.1957537 | 359 |. 23 | 9.8987892 | 10.1012168 | 37 
24 |9-7931549 | $:3941462 0,2068051 | 21058538 | 25 24 | 9.89g90487 | 10.1009513 | 36 
25 [9-7933543 | 989404651 0,2059457 | £-1059$39] 3 25 | 9.8993082 | 10.1005918 | 35 
26 | 9.7935135 | 9.89394<8 0.2054855 |] 0.1050542 | 3 26 9.9995677 | 10.1004 323 

27 | 9.7939767 | $.8938456 0.2063273 | 9-1051544 | 33 7 | 9.8998 271 | 10.1001729 
28 | 9.7938317 | 9.8937452 0.2061683 | 0.1062548| 22 28 | 5.900085g | 10.09991 35 

| 291 97939997 | 9:8936442 | | 0.2060093 | ©-1953552] 31 29 | 9.9003459 | 19.0996541 

30 | $:7941495 | 9.8935444 0,2058594| 9-1954556| 30 30 | $.9006052 | 10.0993948 
31 | 9.7943083 | 9.8934439 0.2056917 | 0.165561 | 2g 31 | 9.9008645 | 10.0991355 | 25 
32 | 9-7944570 | 9.8933433| } 0.2055330| 2-1056367 | 28 32 | 9.5011237 | 19.9988763 
«3 | 97946256 | 9.8932425 0.2053744 | £1957 574 | 27 3 | 9.9013830 | 10.0586170 

34 | 97947841 [9.8931415 0.2952159| ©.1068581 | 25 34 | 9.9016422 | 10.0983578 

35 | 97949425 | 9.8930412 0.2050575 | 91069588 | 25 35 | 5.90 19013] 10.0580g87 

36] 9-795 1009 þ 9.8929404 0.2048392 | £.1070556 | 24 35 | $.5021604 | 19.0578396 | 244 
37 |9:7-52595 | 9.8928355 0.2047410 01071505 | 25 37 | 9.9024 195 | 10.0975805 | 23 
$3819.7954171 | 9.8927383 02045829 |0.1072615 23! 38 | 9.9026786 | 10.0973214 | 22 
351 9.7955751 | 9.8926375 0,2044249 | ©.1C73525 | ax 39 | 9$.5029376 | 10.0970624 | 21 
4© | 9.795733 , $.8925355 0.20426760 | ©.1074635 | 25 40] 9.9031966 | 1c,0558034 | 2c 
41 | 9.7958508 | 9.8924354 0.204101 | C.1075546 | 15 41] 9.9034555 , 10.0965445 | 15 
42 1 9.7950485 | 9.,8923342 0.2039514| ©-1076658 | 18 42 | 9.5037144 | 10.0962856} 18} 
43 | 97562062 | 5.8922,29| 1 0.2037538 | 01077571 [1 43 | $-9939733 ; 109.0960267 | 17 
44 | 9-7963638 |9.8921316 ' 0,.2036352 | C.1078684 | ; 6 44 | 9-5042321 | 10.0957579 | 16 
45 [9-7955212 | 9.8920303 LOS 470 0.1975997 | 15 45 | 9-9044910 | 10.0955090 | 15 
465 | 9$.7956786 | 9.8919289  0,2033214 ©.10807LT | 1, 46 | 9.5047 497 | 19.0952503 | 14 
47 | 9-7998355 | $.8918274 0.2031641 0,1081726| 125 47 | $.9050035 | 10.0949915 | 13 
48 | 9.7959930 | 9.891 7258 0.203c070 | 0.1082742 | 15 48 | 9.9052572 | 10.094 9328 | 12 
49 | 9-797 1501 | $.2916242 | | o.2028499 |c.1083758| 11 45 | $-5055259 | 10.0944741 | 1] 
50 [9.7973971 | 9.8915226 0.2026929 | 0.1084774] 16 50 | 9.9057845 | 10.05421g5 | I© 
5119.797464c | 9.891 4308 0.202536o | 0.1085792 9 5 1 | 9.9050431 | 10.0939559 | 5 
52| 9-7970208 | $9.8913191 0.2023792 | 0.1685809| 8g 52 | 9.9063017 | 10.0936583] 5 
21 9:7977775 | 9.8912172 0.222225 | 0.1087828 7 53 | 9.9055603 | 10.0934397 | 7 
£4119.7975341 [9.891153 0.2020659 | c.1088847| & 54 | 9.9068188 | 10.o931812} 6 
55 | $.7980509 | g.8g10133 0.20150g4 | 0.1289867 | 5 55 $-9070773 | 10.0929227 5 
<6 | 9.7982470 |9.890gI13 Q,2017530| 0, logo887 4 56] 9.5073357 10,0926643] 4 

| 57 1 $-7984034 | $.8908092 0,20159g£c6 | 0.logIgo8 | » 57 9.997 5941 | 10,0924059 | 3 
58 $.7985556 9.890707 1 0.201 44c4q | C.I 0929259 2 58 9.G5C78525 ; 10.0921 475 2 
59 197957158 9.8925cygg 0.012842 0.10G93551 | 1 «5 |9.9081109 | 10.09818831 | 1 
60 ?$.7988718 | 9.852502 [02011582 0.1094H974 | © 50) 9.9< 83652 | 10.09163cS | « 

| | | | Co.Arith, | Sine, | | | Tangenr. | 


—_ ecu 


Deorees 51, 
CI 


YG eunituaoduywsn=ot 


Degrees. 39: 


Sine. Co. Arich | | Tangent, ; _ | 
9.7983718 | 9.3395026 0.211282 | 0.1094574 | 29 © | 9-9083592 |} 10.0916308 | 50 
9.799027 3 | 9-999 40-3 2,2003722 | 9.1095997 | 5 # 1 | 9.9086275 | 10.091 3725 | 59 
9.7991835 9.3 ,02579 0.2009 :16g4 | 5.1c97021 58 2 | 9.9088858 | Ioog1114 2 c8 
90.7993354 | 98591954 C.2505505 | 0.1c58045 | 57 3 | 9$.9091440 , 10.0908560 | 57 
9.799455! 9.8500929 0.2095043 j 0.1039971 | 59 4 9.9994922 } 10.0905978 55 
9.7999 507 9.839gg03 0.2003493 | ©.I 160097 | 55 5 9.9095693 I0.09903397 | 55 

EO a _ ON | wa 
9.7993052 $.88338377 0.221938 j 0.11CII23| 54 6 | 9.900518g | 10.0900815 
9.799$615 | 9.8897850 0.2c00334 { o.tlo215o[53 7 | 9.9101766 | 10.0898234 
9.850 1169 | $.38890822 0.1;98331 10.110;178] 52 $ | 9.9104347 | 10.0895653 
9.802721 | 9.8355794 0.1997279 | 0.1104205[ 51 9 | 9.9105927 | 10.2893073 
9.$004272 9.83;4765 0.19.,5723 j 0.1105235] 50 lo | $-9109507 10,0890493 , 50 
9.8005823 | 9-2893736 £.1594177 | 0.1106264 | 459 = $.9112087 10.0887913 | 
9.8007 372 | 93892796 0.1992528 | 0.1107294 f 48 12 | $.9114666 | 10.0885334 
9.80cS921 g.32 31675 o.1991c79 | 0.11c8325 | 47 13 | 99117245 Io.c882955 
g9.801046% G.83,0644 o.15689532 | 0.1105325 | 45 14 | 9-9119824 I0,0380176 
o 8012015 | 9.385512 21987985 1 2.1110388 | 45 14 | 9.9122403 Io.0877597 
9.8013551 | 9.8833520 0.1-26439* 91111429 | 44 15 | 9.9124981 | 10.0875019 
19.8-15105 | 9.8987547 c,19%48;4 1 011124531] 43 19 | 99127559 | 10.0872441 
g9.8015645 | »-8d0513 0.1GS83351 | ©.1113487 | 42 18 | $.9130137 | 10.05859863 
9.8018192 9.83854759 C.1Ig81208 | c.I114521 | gi Ig | $-9132714 10.0867 586 
9.8915735 | $-8284444 c.1G325510.1115556} 4o 20 | 9.9135291 | 10.0864709 
0.3021275 | $+88034c8 0.178724 | ©.1116592| 39 21 9.91 37868 | 10.0862132 
o.$022816 | 9-8852372 0,1577184 | 0.1117528] 38 22 | 9.9140444 | 19.08595 56 
9.8924355 | 9 3881335 0.1975645 | 0.1118665 | 37 23 | $.9143020 | 10.0856980 
9.802535 4 g 8320293 0.197415 | 9.1119702 | 35 24 | 9-9145596 | 10.0854404 
9.8027431 $.8379260 0.197 2569 j 0.1120740 | 35 25 | $.9148171 | 10.0851825 
9.8028962 | $.3578221 | fo.1971032[0.1121779| 34 26] 9.9150747 | 10.59849253 
9.8030504 | 5-0877 182 o0,1569496| 0.1122818 | 33 27 | 9.9153322 | 10,0846678 
9.8032038 | 98376142 0.19575962 | ©.1123858| 32 28 | 9.9155896 | 10.08441c4 | 
9.8033572 | 938275102 0.1966428 | 0.1124898 | 31 29 | 9.9158471 | 19.c841 529 
9.8035 i105 | 9.3874061 ci964295 | 0.1125939 | 3O 30 | 9.9161045 | 10,0838955 
9.87 36637 | 98373019 0.15663353) 0.1125g81 | 29 31|9.9163618| 10.0836382 
9.8038 168 | 9.8871977 0.1561832| 0.1128023 | 28 32 | 9.5165192 | 10.08 33808 
98039659 | 98370934 0.19503cr | 0.1129066 | 27 33 | 9.9168765 | 10.0831235 
9.8041228 | 9.8859890 0.1958772| ©0.1130110 | 26 34 | 9.9471 338 10.0828662 | 
9.80427 57 | 98268846 0.1957243 | ©-1131154 | 25 35 | $ 9173911 | 10.0826089 
9.8044284 | 9.8867801 c,1955715j 0.11 221569 | 24 35 | $.9176483 | 10.6823517 
9.8945811 | 9.8265755 0.1954189|0.1133244 | 23 37 | 9.9179055 | 10.0820945 
9.8047335 | 9-83855710 0.195 2564 | 2.1134290 | 22 38 | 9.9181627 | 10.0818373 
08048851 | 9.8853663 o.195113910.1135347 | 21 35 | 99184198 | 10.081 5g02 
g9.8050385 , 9.885 3616 ©.1949615 | 0.1136384 | 20 40 | 9.9186759g 10.0813231 | 
9.8951908 | 9.33862568 0.1g948032 | 0.1137432 | 19 41 | 9.9189340 | 10,.0810650 
9.8053430 | 9.8861519 | 0.1946570 0.113841 | 18 42| 9.9191911 | 10.08oBo8g 
9.805495 1 | 9.8850470 0.1945049 j ©-1139530[17 43 | $.9194481 | 10.0805519 
9.8056472 | 9-38859429 0.1943528 | 0.1140580] 16 44 | 9.519705I | 10.0802949 
9.805793 \ | $-£8<8370 ©,1942009 | 0.1141630 | 15 45 | 9.91$9621 | 10.0800379 
—— —— | —— 
9.8959510 | 9.8857319 | ©.1940459 0.1142681 | 14 46 | 9:9202151 | 10,0799809 
9.8061027 | 9.88 55267 0.1938973 | £.1143733| 13 47 99204760 , 10,0795240 
9.80625 44 | 98855215 0.1937456 | 0.1144785 | 12 48 | 9.9207329 | 10.0792671 
9.8064,060 | 9.8854 162 0.1935940 | 0.1145838| 11 49 | 9-5 209898 | 10.07g0102 
9.8065575 | 9.8853109 0.1934425|0.11468g1] 10 50 | 9.9212466 | 10.0787534 
9.806708 | 5.83 52055 0.1932g11 |©.1147945] 9 51 992150341 10.0784966 
$.80685c2 | 9.88510co 0.1931358 |0.114goooſ 8 52 | 9.92176a2 | 10.0782398 
9.80501 14 | $.8845945 o.1g2,;886 | o.1150055 | 7 53 | 9:9220170 | 10.0779830 
0.8071626 | 9.8843389 0.1928374 | 0.115 6 5419-92227 37 10.0777263] 6 
9.8073136 | £.8847832 0.1926854 | 0.1152168] 5 55 | 95225304 | 10.0774696| 5 
m—— — —| 
9.8074646 | 9.8846775 01925354 |©.1153225] 4 56] 9.9227871 | 10,0772129] gq| 
6.8c76154 | 9.8845717] |0.1923345 | <.1154283] 3 57 | 9.9230437 | 10.0769563] 3 
9.8047562 | $9.88 44655 0.1922338 | 01155341] 2 58 | 9.9233904 | 10.0766996 | 2 
(9-8079165 9.8843599 ©.192-$31 |9.11554ol | I | 5o| 9.9235 570 fangh es 2 | I 
9.8080675 | 9.8842540| 10.1915325 1c.1157450 | © 60'9.9238135 | 10.0761865 | © 


| | | Co. Arith, | Sine, | | : | [ | Tangenr. | 


Degrees 50. 


þ 


——___ 


$ 56 
567 
58 

3 


So eoaaluawyed| S | 


S!nc. 
9.868067 5 
9.802182 
3.808 3684 
3.085182 
9.3086650 
9.8088192 


9.8083692 
9,809 1192 
g.80$2691 
9.8c94189 
9.8095686 


9.8097182 
9.8098678 
9.81c0172 
9.8101566 


98103159 


9.8104650 
9.8106141 
9.3107531 
0.21c9121 
9.8110609 


9.3811 2096 
90.8113583 
9.811 5069 
9.8115554 
c.$118038 
9.8119521 
9.8121003 


19.8122484 
9.8123965 


9.8125444 


9.8126923 
9.81 28401 
| 9.81 29878 
9.8131354 
9.8132829 


9.8134303 
9.8135777 
9.8137250 
9.38138721 
9.814c192 


9.8141652 
9.8143131 
9.814450 
9.81 46067 
9.8147534 
9-8148559 
9.8150465 


9:.38153351 
9.8154854 
98156314 
9.8157776 
9.815235 
9.2 160654 
$.8162152 


| 9.81636c9 
? $.881 65066 
| 5816521 
9.81675975 


60 ' $.8159429 


DOI W—_—— 


g9.81515G28. 


x C9. ATriltit. 


9,2842540 
9.8341475 
0.88 30418 
940839357 
$,8338294} 
9,8837232 


9.88361E8 
9.8835 104 
9.83340,9 
9.83 ,2974 
9.8831908 


9.2830841 
9.38829774 
9.8828705 
9.8827538 
9.8826508 


9 — 


9.8824428 
9.8823357 
9.8822285 
9,.8321213 


9.8820140 
9.8815067 


9 8817992 | 


9.88 16918 
9.8815842 
9.8814765 
$.881358g. 
9.8812612 
9.83811534 
9.881cq455 


9.8809376 
9.8808256 
9.8307215 
9.88061 34 
9.8205952 


9.8803970 
g9.88c2887 
9.8801803 


9.8800719 
.$.8795634 


$ 3798548 
9.8797 462 
9.879537 5 
9.87 95287 
98794195 


9.8753110 
9.8792021 
9.875cg30 
$.8789840 
9.8728748 


9.87876 56 
9.8786553 
$.878<470 
$9.8784376 
9.878328 1 


9.3782185 
9.8781c50 


9.877554 
$9.8778396 


$.8777759 | 


$.83 25499 | 


_ 


0.1919325 
0.1917520 
0,1919316 
0.1914812 


0.1311828 


©,1913g1C 


0. '9-8303 


0.190581 
0.1904314 


| 0.1902818 | 


0,1501322 
0.1899828 
0.189833; 
0.189584 1 


0.1895350 
©.1893859 
0. i 892369 
0.1892879 


o| 0.188939 1 


0.1887g0g 
0.1836417 
0.1384531 
0.1883446 
0.1881952 


0.1880479 
0.18885g97 
0.1837516 
0.1886035 
0.1384556 


0.187 3977 
0.1871599 
0.187122 
0.1868548 
0.1857171 


0.186.5597. 
0.1864223 
0.18627 50 
0.1851279 
©.185g808 


o.1858338 
©.1856869 
©.1855400 
0.1853933 


| ©.1852.466 


©,1851001 
0.1849536 
©.1848072 
0.1846609 
| 0.1845146 


2.390308 ! 


OIy073 9 r 


c 
4 


O.Li $746c 
01155521 
0.1159532 


O.1U1 6064 3} 


SY | 1E170 2 
o0,11627E8 
0.1153832 
G,11945g0 
o.11$5951 
©0.1157026 
o.1158-92 
011635159 
0.1170226 
01171294 
0.117 2362 
0.1173432 
—_ 
o.1174501 
O1I75572 
0.1175643 
0.117771s 


o.1178787 |. 


0.117g860 


o.1180933| 


0.1182008 
o.1183082 
o.1184158 


o.1125124|: 


©,1185311 : 
o.1187388 
0.1188456 


o.1189545 


0.1190624 
01192704 
0,1192785 
0.11938366 
0.1194948 


0.1196030 
O,LIO97IL3 


'0.1198197 


0.1199281 
©.1 200366 


©.IZO145g2 
0.1202538 
0.1203625 


C.1204713 
0,12058cl 


0.12068g0 
0.1207979g 
©,1209070 
©,121c160 
O12112+'2 


0.1843685 
0.1842224 
0.1830765 
0.1839306 
0.1837 848 


©0.1336351 
0.1834934 
0.1533479 


| ©.1832025 


0,18305g71 


0.1212344 
0.1213437 
0.1214530 
0.1215624 
©,1219719 
— 

01217814 
0.1218910 
0.1220cc6 
0,1221104 


0,1222201 


Tanpeunc. 


| 


$+3238135 
5.9240701 
9.924 32E5 
9.9245931 
9.9243 395 
9.9252999 


9.9253524 
9.925539 
9.925865 2 
9.G261215 
9.9253778 


G.9 256341 
$.9263G<4 
9.9271466 
9.9274028 
9.9276390 


9.93<4755 
$.9307314 
9.930072 
9.9312431 
9.9314525 


$.9317547 
G.G32Clog 
$.5 322662 
9.6 325220 
9.9327777 


9.5 330334 


| $-9332850 


9.933903 
99349559 


9.9343114 


9.9345670 | 


$.9345225 
$.9350780 
$.9353335 


9.9355589 
$9.5352444 
$.9352958 
9.9363552 
5 9356105 


5-9 368659 
9.9371212 
G.937376s 
9.5376318 
9.937E871 
G.9301423 
$.5333975 
$.9386527 


9.4385079 


> 9.439165 


1C,O701825 5: 
I0.075g29y gG 
10,0754i6g 57 
10,0751604 Tb 
10.9745cg0 55 


ee er ee ents 


10.c746475 
19.9743512 | c 4 
10.2741348 - 
10,07 357855 
10,.0736222 
— 
10.07 336 : 
100741098 = 
10.0728534 

I0,.0725G72 47 
T>.C7234t0 
————— 
10,072848 
10.0718267 
I0.0715729 
10.0713165 | , 
10.907 10604 

—— — 
r0.07c8044 
10.0705484 
10.0702924 
10.07c0364 
10.0699805 


C——_ 


Io.0695245 
10.555 2685 
10.0650128 
12.c687569 
10.0685011' 


10,.0<82453 
10,067g8g95 
 $0.0677338 
10.06747 8 
10,0672:23 


10.c569656 
10,0667110 
10.056 4554 
10,0661597 
10.0659.;41, 


10,0655836 " 
10.0654330| 1 
10.0651775] 17 
15.0649220 | 16 
| 10.0646655 | 15 


' 15.0644111 | 14 
10.0541556 | 13 
10.0639002 | I2 
10,0636448 | 11 
10,0633855 | 10 


10.0631341] $ 
10.06:8788] $ 
10,.626235| 7 
1C,ce23E82] 6 
10.0621129] 5 


10,0618577] 4 
1C,0516025] 3 
10.0613473] 2 
10,0610g921] , 
10.0608369| 


a_— 


| 


| Co.Arith, |. Sine. 


| 


Y 
—— 


| . 


Deorees AY. 


[ Tangent. | | 


Degrees, 41. 


Degrees 43. 


D. ; Since. | Co. Arith, Tangent | 
o|9.8169429 | 93777799 0.1830571 |0.1222201 | 60 0 | 99391631 | 10,0608349 | 50 
i |9-8170832 | 9.8776700 0.1529118 | 0.1223300 | 59 1 | 9.9394182 | 10.0605818 | 59 
2 |9.8172334 | 98775601 0.1827666 | 0.1224359 | 58 2 | 9.9396733 | 10.0603267 | 58 
3 9.817 3785 | 98774501 0.1825215 | 0.1225499 | 57 3 | 9.9399284 | 10.0500716 | 57 
4193175235 9.877340 0.182476; | 0.1226599 | 56 4 | $-9401835 | 10.0598155 | 59 
g | 9.8176685 9.8772301 0.1823315 0.1227700| 55 5 | 9.9404385 j 10.059561s5 | 55 
1 619.8178133 | 9.8771198 o0,1821867 | 0.1228802 | 54 6 | 9.9406936 | 10.0593064 | 54 
719.8179581 9.8770096 o.'820419 | 0.1229904 | 53 7 | 9:9409486 | 10.05905 14 | 53 
8 |9:8181028 | 9.876899 3 0.1818972 | 0.1231007 | 52 8 | 9.9412036 | 10.0587964 
g9| 938182474 9.8767889 | [o.1817526 | 0.1232111]| 51 9 | 9.9414585 | 10,0e85415 
10 | 9.8183919 | 9.8765785 | | 0.1816081 | 0.1233215] 50 Io|9.9417135 | 19,.05828655 | 
RT es ad Mm c—_— — — —— 
11 19-3185 364 | 9.8765580 |. | 0.1814636 ] 0.1234320| 49 11 | 9.9419684 | 10.0580316 ; 49 
12 [98185807 | 9.3764574| [0.1813:93|0.1235426 | 48 12 | 9.9422233 10.0577767 | 48 
13 |9-8188250 9.8 753468 0.1811750 j 0.1236532 | 47 13 | 9.9424782 | 10.0575218 | 47 
14 | 93185692 | $.8752351 | [ 0.1810308 | 0.1237639 | 45 14 |9.9427331 | 10.6572665 | 4 
[1g | 98191133 9.8751253 o.1808867 | 0.1238747 | 45 15 | 9.5429879 10.0570121 | 45 
16|19.38192573 | 9.8760145 0.1807427 | 0.1239855 | 44 16 | 9.9432428 | 10.0567592 , 4 
rr [98194012 9.87 59036 c.l805988 | 0.1240964 | 43 17 | 9.9434976 | 10.0565024 | 43 
8 [98195450 | 93757927 0.1804550| 0.1242073 | 42 18 | 9.9437524 | 19.0562476 | 42 
19 | 9.8195888 9.8756816 0.1803112| 0.1243184| gi 19 | 9.9440072 | I0.05« 9928 
2019.8198325 | 9.875 5795 o,1801575 | 9.1244294 | 40 20 | 9.944261g | 10.0557381 
[lar [98199761 | 9.8754594 0.1800239 | 0.1245406| 39 21 |9.9445166 | 10.0554834 
22 (9.8201196 | 9.87 $3482 0.1758804 | 0.1246518 | 38 22 | 9.9447714 | 19.0552286 
23 [9-8202630 | 9.87 52369 0.1797370| 91247631 | 37 23 | 9:9450261 | 10.0549739 , 3 
24 [9.8204053 | 9.8751256 | [ 0.1795937 | 9.1248744 | 35 24 | 9.9452807 | 10.0547193 3 
| 25 |9:8205496 | 9.8750142| [ 0.1754504 | 0.1249858 | 35 25 | 9.9455354 | 199544646 | 3 
26|9.8206927 | 98749027 | [0.1793073|0.1250973 | 34 26 | 9.9457900 | 10.0542100 | 3 
21 |9.8208358 | 9.8747912 þ [0.1791642 | 0.1252088 | 33 27 | 9.9460447 | 10.05 39553 i 3 
28 |9.8209788 | 9 8746795 0.1790212 | 0.125320g [32 28 9.9452993 To.og37007 , 3? 
2919.8211217| 9-38745579 | | 0.19788783| 0.1254321 | 31 29 | 9:9455539 | 190534461 
30|9.8212646| 9.8744551 0.1787354| 9.1255439 | 30 30 | 9.9468084 | 19.0531916 | 3© 
31 [9.8214073 | 9.8743443 0.1785927 | 0.1266557 | 29 31 | 9.9470630 | 10.0529370 | 25 
32|9.8215500 | $.8742325 0.1784500| 0.1257675 | 28] 32] 9.9473175 | 10.05 26825 | 2 
:3|9.8216926 | 9.8741205 0.1783074 | 0.1258795 | 27 33|$.9475720 | 10.0524280 } 2 
2419.8218351 | 9.8740085 0.1781549] 0.1259915 | 26 34 | 9.947 3265 | 10.05217 35 ! 27 
35|9.8219775 | 9.87 38965 0.1780225 | 0.1261035 | 25 35 | 9.9480810 | Io.og1g1go, 25 
3619.8221158 | 9.8737844 0.1778802 | 0.1262156 | 24 35] 9.9483355 10.0516645 | 2 
$719.8222621 | 9.87 36722 0.1777379 j 91263278 | 23 37 | 9.9485859 | 10.0514101 ; 23 
3$;9.8224042 | 9.8735599 0.1775958 | 0.1264401 | 22 38 | 9.9488443 10.0511557 | 22 
39 08225463 | $.8734495 0.1774537 | 2.1265524 | 21 39 19.9450g87 | 10.050g013 : 21 
40| 9.8226883 | 9.8733352] [0.1773117|-0.1266648 |-20 49 | 9.9493531 | 19-0596469 | 2 
|= rr rrrrr—_ | A———— onmmm__—__w_  um___—____s _— ——_—_———_——_—_—————_— 
4l]9.8228302 | 9.87 32227 0.1971698| 0.1267773 | 19 41 99495075 | 19,0503925 
42]9.8229721 [9.8731102 0.1770279| 0.12688g8 | 18 42] 9.9458619 ' 10.0501381 
4319.8231138|9.8729976 | 0.1768862 0.12702024 | 17 wy 9.9501162 , 10.0498838 17 
144]9.8232555 [9.8728849| {+ 0.17674q5 | 0.1271151] 16 44 | 9.9503795 | 10.0496295 | 16 
14519.8233971 | 9.8727722  0,1766029 | 0.1272278 | 15 45 | 9.9506248 ; 10.0493752 15) 
_ Q— WEE. — mm ____— 
145]9.8235386 ] 9.87 26594 0.1764614 | 0.1273406 | 14 46] 9.9508791 | 10.0491209 | 14 
47 [982358001 9.8725456|. | 0.1763200 | 0.1274534 | 13 47 | 9.5511334 | 10.0488666 | 13} 
48 19.8238213 | 9.8724337 0.1761787 | 0.1275663| 12 48 | $.9513876 | 10.6486124 | 12 
49 | 98239625 | 9.8723207 | | 0.1760374 | 0.1276793| 11 49 | 9:95164ig9 | 10.0483581| 11 
$019.8241037 | 9.8722075 o.1758963 | 0.1277924 | 10 50 | 99518961 10.0481039| io 
— {Ce | eee wa — —_ — 7 
151[9.824244F]| 9.8720945 0.1757552|0.1279055| 9 51 [$.95215c3| 10.0478457 7 
152|$-8243858|9.8719813 0.1756142 | 0.1280187] 8 52 | 9.9524045 | 10.0475955 | 8 
53] 9.8245267 | 9.8718681 |+ [| 0.19754733| 0.1281319| 7 531 9:9526507 | 10.0473413] 7 
54 | 9.8246675 | 9.8717548 0.1753324| 0.1282451] 6 54] $-9529128 | 10.0470872 | 65 
55 | 9$.8248283 | 9.8715414 0.1751917[0.1283586| 5 55 19.9531670 | 10.0468 330] 5 
Sins © cmmoa————_—_ —— — — —CLLT cc 
56|19.8245450 | 9.871 5299  ©.1750510|c.1284721] 4 $619.953421I1 10,0465729 4 
57 { 9.825896 | 9.8714144 o.1749104 |0.1285856] 3 57 | 9:9536752 | 10,0463248 3] 
58 :9.8252301 9.8713008| !0.1747699 | 0.1286g92] 2 581 $.9539292 | 10.0460707 | 2 
59 '9.8253705 |9.8711872 j 0.174525 0.1288128] 1 59|9-9541834 } 10,0458166] 1 
69 '$.8255109 9.8210735 0.1744891 10.1289255 | © 60 9.9544374 | 10.0455626] c 
4 | | Co.Arith. | Sine. | | Tangenr. | 


9.8250715 
98262114 


9.8253512 
9.8264910 
9.8266 307 
9.8267703 
98269098 


9.8270 93 
9.8271887 


9.8325605 
9.8326970 


$!'9.8335122 


co. 
59 | 9.8335478 


6o * 9.8337833 


Co. Arith. 


9.8710735 
9.8709597 
9.8703458 
9.8707 319 
9.8706179 
9.8705039 


9,8703898 
9.87027 56 
9.8701613 
9.870470 
9.8699325 


9.8658182 
6.3697037 
$.8695891 


9.8693597 


9.8692449 
9.869130ol 
9.8690152 
$9.8689002 
9.8587851 


9.8686700 
9.8685 548 
$.8684396 
9.8683242 


9.86809 34 
9.8679779 
9.8678623 
9.8577466 
9.8676309 


9.8675151 
9.8673992 
9 8672833 
9.8671673 
9.8670512 


9.8669351 
$9.8658189 


| 9.8667026 


9.8665863 


9.866465 9 


| 9.8663534 


9.866236g 
9.8661203 


9.8658868 


9.865 7700 
98656531 
98655362 
9.8654192 
9.8653021 


9.8551849 
9.85 50677 
9.8659504 
9.8648331 
9.8647156 


9.8545981 
9.8644806 
9.8643629 
9.86424 52 


9.8641275 


0.1742087 
0.1740586 


0.1739285 
0.1737836 
——_—_— ru ———_—_—_—_—_—_—_ 
0,1736488 
0.17 35090 
0.1733693 
0,1732297 
0,1730902 


0.1729507 
0,1728113 


9.8694744 | 


0.868288 |. 


9.86600 36 | 


0,1726721 
0.172532) 
0.1723937 


0.1722547 
c.17921157 
0.1719769 
0.1718 321 
0.1716994 


0,17 15607 
0.1714222 
0.1712837 
0.1711453 
©.1710070 


——— a RE en manera ve 


0.1708688 


| £.1709306 


0,1705925 
0,1703167 


0.171788 
0.1700411 


1 0.169903 z 


©0,1697658 
0.1695283 
0,1694909 
©0.1693536 
©.1692163 


0.1690791 
0.1689420 


0,1683050 
0.1686680 
o0.1685312 
0.1683944 
0,1782577 
©,1681211 
o.1679845 
0.1678481 
0.1677117 
0.1675754 


©.1 674391 
0.1673030 
0.167166g 
0,167c309 
0.1668950 


0,1667592 
©0.1666234 
0.1664878 
0,1563522 
! 0.1662167 


0.1704546: 


0.1289265 
0,12590403 
©0,1291542 
0.12926581 
0.1293821 
0.1294961 
0.129612 
0.1297244 
0.1298387 
0.12995 30 
0.1 309674 
o0.1301818 
0.1322963 
0,13041cg 
0.1305256 
0,1306403 
0.,1307511 
0.1308699 
0.1309848 
0.310998 
0,1312149 


01313300 


0.1314452 
0,131 5604 


0.13167458. 


0.1317912 


| —_——_—_—_— : 


0,1319066 


0.1320221 
0.1321377 


0.1322534 
0.1323691 


0.1324349 
0.1326008 
0.1327167 
0.1323327 


0.1329488 | 2 


0,1330649 
0,1331811 
0,1332574 
0.1334137 
0.13; 5301 


0,1336466 
0.1337631 
0.13338797 
0.1339964 
0.1341132 


0.1342300 
0.1 343459 
0.1344638 
0.1345807 
0.1346979 


0,1348151 
0,1349323 
0.1350496 
0.1351656g 
c.1352844 
0.1354019 
0.1355194 
0,1355371 
0.1357548 
o0.1358725 


aoluawenc} 


_ 
oO WO © 


| 9-9678827 


Tangent 
9+9 544374 
9.954691 $ 
99549455 
$.9551995 
$-9554535 
9:9557075 


9.95595 15 
9.9552154 
9.9554694 
9.9567233 
9.9559712 
9.957231 
9.95748 50 
9.9577 385 
9.9579927 
9.9582465 


9.9585004 
9.9587542 
9.95g0080 
9.9592618 
9.9595SI55 


9.9597693 
9.96002 30 
9.9602767 
9.9605305 
9.9607842 


9.9610378 
6.9612915 
9.961 5452 
9.9617988 
9.9022525 


9.9623061 
9.5625597 
$.9628133 
9,9630669 
9.5633204 


9.9535740 
9.9638275 
9.9540811 
9.9643346 
9.9645881 


9.9648416 
9.9650951 
9.955 3486 
9.9656C20 
9.9658555 


9.5663623 
9.966157 
9.9668692 
9.967I225 


$.3673759 
9.9676293 


9.9081 360 
9.9683893 


10,0455526 
10,045 3085 
10,0450545 
10,0448c og. 
10,044<465 
10.0442925 


10,0440385 
10,0437845 
1C,0435306 
10,9432767 
10,0430228 5 
10,042768g 
10.0425 150 
10,042261] 
10,0420073 
$0.0417$35 | 


19.0414996 | / 


10,0412458 
10,0409920 


10,0407382 


I 0.0404845 7 


10,0392397 
10,0399770 
10.0397232 


10,0394695 | 3 


10,0392158 


10.038 9622 
10,0387085 


10,0384 548 | 3 


10,c382012 
10.0379475 


10,0376g39 
10,0374403 
10,0371867 
I0,0369331 
10,0366796 


10,c364260 
10,0361725 
10,.0359189 
10,0356654 
10.0354119 


10,0351584 
10,0349049 
10.0346514 
190.034.3980 
10.0341445 


10,0338511 
10,0336377 
10.0333543 
10,0331308 
10.0328775 


40.0326241 | 
10.0323707 
10,0321173 
10,0318E45 
10,0315107 


9.9686427 
9.9688960 
$.9691493 


9.5694026 
9.9656555 


10,0313573 
10,0411040 
10,9308507 
10.0305974 


10,0303441 


| | 


| Co.Arith. | Sine. | | E4 J | Tangent. | 


Degrees 47: 


<4 


* -_ 


—_—_———— 


Co.Arici. 


| Degrees 43; 


p.j Sine. | > "#6 an |< 
oi 58337833 9.8541275 o 1562167 | ©.1358925 | 50 © | 9.96965 5g | 19.0303441 | 69 
| © 8339188 | 9.8640096 | | 0.1660812 | 2.1359904 | gg I | 9:9 6990gT | 10.030<gcg | 39 

: 4 <p 9.8639917 | |9 1659459 | 0.1351083 | 58 2 | $-9701624| 10.0299376 | 58 

5 3341894 c.$537737 0.1558106 |} 0.1 362263 57 3 | $.9704157 | 10:029;843Þ 57 

317 8343246 9.3636557 | | 9-1638734 | 0.1363443 | 56 4 | 9.570668 | 10.0293311 | 56 

p 9.8344597 | 9 8535376 0.16554093 | 0.1364624 55 ;0 9.9709221 | 10.0290775 51 

| 9.8345978 | 5-35 ,4194 0.1654052 | 0.1365806 | ,, 6 9.9711754 | 10:0283240 | 54 

6 8347297 9.85 3301t] 0,1652703 | 0,236698g 53 7 | 9.9714285| 10.0285714 | 53 

7 8348645 9.8531828 0.1651354 | 0.1358172 | 52 8 |9.9916818 | 10.0283182 $2 

$1 8349994 9.385309644 | | 91650206 | 0.1369355 | 51 | 9 | 9.9719350 | 190280650 | 51 

'y 0.351341 | 98529460 | | 0.1648659 01379540 50 | 44 9.9721882 | 10.0278118 59 

— g | 9.85282 0.1647312 | 0.1371726 11|9.9724413| 10.0275587 | 49 

as —_— 5.852088 0.1645967 | 9.1372912 43 12 | 9.9726945 | 10.027 3055 | 48 

1215.8355378| 9.8525902| | 0.1644622 | 0.13740g8 | 1, 13 | 9.9729477 | 19.0270523 | 47 

13 © 8356722 9.8624714 0.1643278 | 0.1375286 | 45 | 14 | 9.9732008| 10.0267c02 | 46 

14] 98358065 | 9.8623526 | [0.1641934 | 0.1376474 | 45 $121 ORE | 49 

"i © 8359408 9.8622338 0.1640592 | 0.1377652 | g, I6| 9.9737071| 10.0262529 | 44 
1'*15:8350750 | 9:8621148| |0.1529250 | 0.1378852 | ,2 17 | 9.9739602| 10.0250398 | 43 

7 8362091 9.8519958 0.1637909 ©0.1370042 42 18 9.9742133| 10.0257857 42 

18 5.8353431 | 9.8518767 | [0.1536569 | 0.1381233 | ,1 9 | 99744664 | 10.0255335 | 41 
[2519-83547 1 9.8617576 0.1635229 | 0.1382424 40 py 9.9747195 | 10.c252805 w 

oy .$51638 0,1633891 | 0.13835 17 21 | 9.974726 | 10.0250274 | 39 
471 <0 xg yy rc 0.1632553 | 9.1384810 4 2? | 9.9752257| 10-0247743 | 38 

422 _ 68784 9.8613997 0.1531216 0.1386003 37 23 9.7754787 10,0245213 37 

231" 8370121 |9.8512802| |0.1629379 |0.1387197 | 36 24 | 9:9757319 | 10.0242682 | 36 

198371456 9:8611608 0.1628544 0.13388392 35 Fe 9.9759849 I0,0240151 35 

=|"$2-2701 19.8610412| | 0.1627209 | 0.1389588 26 | 9.9762379 |10.9237621 | 34 

69 27412s [98609215] 0.162587; | 0.1390785 | 2 27 | 9.9764909 | 100235091 | 33, | 

ol I 9.8508018 0.1624542 | 0.1391982 | 22 28 | 9.9767440 | 10.0232560 | 32 

- 6790 9.8606321| 10.1623210 |0.1393179 | 2x 29 | 9-9769970 | 10.0230030 | ZI 

25[9.8378122 9.8605622| |0.1621878 |0.1394378 | 30 30 19:9772500010,0227$00 } go 

Fay 860442 0.1620547 | 0-1395577 | 29 3! | 9:9775030| 100224970 25 

A. f 3d030s 3.850322z| 04619217 | 0.1 396777 | 28 |32]5:5777550| 10.0222440 | 28 

318382112 | 9.8602022| |0.1617888 | 0.1397978 | 2% 33 9.97800g0| 10.0229910 | 27 

- 08383441 9.8600821| [0.161659 | 0.1359179 | 25 SITION men's we _ 

2| 8384759 9.8599619} 0.1615231 | 0.1400381 25 135 ada dts. 4 eine oat vids 

S19.838 $598416| [0.1613094 | 0.1401584 | 2 35 | 9.9787679| 10.0212321 | 24 

36 ra Lov $4 att 01612578 | 0.1402787 . 37 | 99799209 | 10.0209791 | 23}: 

3s 9.85g6009 10.1611253 0.140399l | 23 38 9.9792738 10,0207262 | 22 
9.8390072 9.8594804 0,1609928 | 0.1405196 | 21 39 | 9:9795268 NE OITIS -— 
$\9-3391356 9.8593599 0.1608604 | 0.1406401 20 ”o 9-9797797 | 19:0202203 ee 

664 Ms, Za ef" .O - 19 

| ry 0.1607281 | £.1407607 | 1 $1] 9.59800326] 10.0159674 

ql _—_ yr 0,1605959 | 0.1408814 of 42] 9.9802856| 10.0197144 | 18 

42 0a 6 9.8589978 0,1604637 ©,1410022 17 4143 9.980g385 10.019461 5 17 

15.8395584 9.8588770 | 9.1603316 | C.1411230| 16 44 99807914 art wes - 

. - 4 L 10 - 

4s [98398004 9.8587561 0.1601996 | 0.1412439| 15 45 PILL OIIY 19955 7 

— —_ . 

= 8o862c1 0,1600677 | 0.1413649 | 1 45 | 9.981297a| 10,0184028 14 

1 EF yy agen 0.1414859| 13 [47 |[9-5315g01] 1o.or84499] 73 

4 pow q 58583529 |[0.1598041 | 0,1416071 | 12 $8] 9.9818030| to.0181990| 12 

 0320G 9.8582718| . | 0.1596724 | 0.14172827 11 49 99920559 egy 3 5 16 -#: 

go 98404563 | 98581503] » | 0.1595407 | 0.1418495 | 10. Of palaces cs cmd Bak 
rok py L 2 1594c92 | 0.1419798 $1 | 9.9825616] 10.0174384 | 9 
$1 444-0 LN Bee 5 App ok : 52 | 9.9828145| 10.0171855| 8 
m ohiolens 9.8517863 | || 0.1591463 | 0.1422137|. 7 $3 Nec wha 4d £ 
; : $4 | $.9833202| 10.0 
9.8405850 | $.8576648 0,1550150[0.1423353] 6 | | 

TI x 9.8575432 0.1588838 |0.1424568] g 55 9.9835730| 10.0164270 5 

7 47 "ORR ; 0.1587526 | 0.1425785 56 | $.9838259|10.0161741] 4 

RE ED IF ff etal roangrn| 3 

[9.341 5095 | 98571719 | |0.1584905 | 0.142821 | 2 $0 | 99843205] 26070005 [Af 
4 A $886 9.857055 o.1 583596 01429439 1 I 59 99345344 nengaaet hy 
6ol9.8417713 | 9.8569381! lo.1582287! c.1q3o659 | o 60! 9.9848372)/10.01516; 

| ws [ - | Co.Arith. | Sine, | | E''j | Tangent. | 


Degrees 46. 


* 


Degrees 44. 


——— . 
Co.Arith, 
—_—_—_—_—_—__—_—_—_—__ = 


9.8417713 


& 


Tangenr, | 
0.1582287 | 0.1430559 
0.1580979 | 01431879 
0.1579672 | 0.1433100 
0.1578366 | 0.1434322 
0.1577051 | 0.1435545 
0.1575756 | 0.1436768 


(0) 


9.8569341 
9.8568121 
9.8566900 
9.8565678 
9.8554455 
9.8553232 


IC,OIg&1622 

10.0149100 
I0.0146572 
19.01 44044 
Ic.ol41516 
10.0138988 


9.98 48372 
9.9850900 
9.93853428 
9.9855955 
9.93 58484 
9.9851012 


| awe = 


9.8552003 
9.8560784 
9.8559558 
9.8553332 

9.8557106 
9. 8555878 
9.8554650 
5.85 53421 
9.3552192 
9.85 50961 


C.1437992 
©,1439216 
0.1440442 
0.1441668 
0,1442894 


0.1574452 
"1 01573149 
: 1 0.1571246 
0.1579544 
0.1569243 


0.1 567943 
0.156654 4 
o.1565345 
0.1554047 
0.1552750 


©.3863540 
©,7866058 
9.985859s5. 
9.9871123 
9.9873651 


9.9876179 
9.9878706 
9.9881234 
$-9883761 
9.9886289 


9.8425548 
9.8426851 
9.84281 54 
9.8429456 
9.8430757|9 


I0,0136460 
IO, «0133932 
10 -OIZ1 o4 
10.0128897 
10.0126349 | 


oO Wd cw & 


0.144 4122 
0.1445 350 
0.1445579 
0.1447808 


0,144$9039 


9.84320 57 
9.8433356 
5.8434555 
9.8435953 
9.8437250 


9.8438547 


I0,0123821 
I0O121 

IO.01 18760 
I0,0T162359 
I0.01137H 
0.1450270 10.OIilt8g 
O,145I501 


0.1 561453 9.9888816 


0.1550158 


9.85497 30 


9.8439842 
9.8441137 

9.8442432 
; 8443725 


9.844501s 
9.3446310 
9.8447501 
9.844881 
9.8450181 


9.8451470 
9.8452758 
9.84 54045 
9.845533 
9.84 55618 


9.8457903 
9.8459188 
9.8460471 


| 9.8451754 


9.8463035. 


9.8 548499 
9.8547 266 
| 9.8545033 
9.8544759 
9.8543564 
9.8542329 
9.854109} 
9.85398 55 
9.8538619 
9.8537391 
9.8535142 
9.85 34902 
9.8533562 
9.8532421 


9.8531179 
9.8529935 
9.85328693 


9.8527449 | 
9.85 26204 


0.154981g 


19.1543382 
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